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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) descnbes the procedures and equipment that wdl be used 

at the Rocky Flats Plant (RFP) to remove contammants that may accumulate on heavy eqmpment 

This SOP is applicable to all operations conducted as part of the Enwonmental Management (EM) 

Program 

T h s  SOP describes the equipment and procedures requlred to complete decontamination of heavy 

eqmpment 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

EG&G Radmtion Protection Techniclans (RPTs) or RPT destgnated representatives wdl perform 

radtation screening of all personnel and eqmpment leavrng a work area Screemg wdl be 
performed in accordance wth EG&G Radiologcal Operation Instruction 3 1  and screemng 

procedures w11 follow Section 6 3 ,  Contamination Monitoring of thls SOP For radiolopally 

contammated eqmpment, radiation screemng dl be performed followmg each field decontammatron 

procedure untd the equipment 1s free of radiologtcal contammation or the decrsion 1s made to seal 

the contaminated area and transport the eqmpment to the central decontammation station All 

radiologmlly contammated heavy equipment transported to the central decontammation station wdl 

be screened by the RPTs or RPT designated representatives following decontamination 

The subcontractor’s project manager is responsible for ensuring that appropriate project staff and 

equipment are assigned to implement field decontamination, transport, and final decontammation 

of heavy equipment used by that subcontractor The subcontractor’s Site Safety Officer 1s 

responsible for performing Volatile Orgaxuc Compound (VOC) contammation screenmg of heavy 

equipment 111 accordance wth the procedures even 111 Semen 63, Contaminabon Momtonng, of 

ths SOP The subcontractor’s Site Safety Officer 1s also responsible for performing ralologcal 

monitoring during contaminant reduction of heavy equipment in the field 

(4011-REV)(F04REV 1)(06/07/91 3 33pm) 
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All personnel operating heavy equipment or company vehcles must have appropnate trammg and 

licenses 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

A ComDendium of SuDerfund Field ODerations Methods EPA/W/P-87/001 December 1987 

m a t r o n a l  Safetv a nd Health Guidance Manual for Hazardous Waste S ite Actiwtis 

NIOSH/OSHA/USCG/EPA October 1985 

Nudear Weamn Acade nt Reswnse Procedures (NARP) Manual The Defense Nuclear Agency 

January 1984 Change 1, July 1984. 

Standard ODeratinP Safetv Guides EPA November 1984 

Technical En forcement Gu idance Document V G D )  EPA 1986 

Related SOPS and EG&G Radiologd Operating Instrumom (ROI) cross-referenced m these 

procedures are as follows 

0 SOP FO 3, General Equipment Decontammation 

SOP FO 7, Handhng of Decontammahon Water and Washwater 

SOP FO 8, Handling of Dnlling Fluids and Cuttmgs 

SOP FO 10, Receiwng, Labehg, and Handlmg Waste Contamers 

SOP GT 1, Performance of Surface Contamination Surveys 

0 

0 

0 

0 
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5.0 EQUIPMENT REQUIRED 

5.1 CONTAMINATION REDUCTION IN THE FIELD 

At the work site, contamination reduction w111 be accompkhed by using the followmg items 

0 Spatula 

0 Stiff brstle brushes 

0 Long-handled shovel 

0 Plastic sheeting 

0 Absorbent wpes 

0 Containers for potentially contammated media 

A trader and tow vehicle to transport heavy equipment from work areas known or 0 

suspected of contamng surficial contammabon to a central decontaminatmg 

station Procedures to hmit the spread of contamination dumg transport are 

prowded in Subsection 6 4 

Contamination monitoring wdl be accomplshed using the followmg instruments 

0 Radiation detection equipment 

0 Organic Vapor Detector (OW) (Hnu or equivalent) 

5.2 MAIN DECONTAMINATION FACILITY 

The most effective results wtll be obtained at a fmed decontamination station wth prowsions for 

ensunng that wash and rinse solutions rapidly dram away from the equipment bemg decontammated 

and are containerized Numerous equipment items and supplies must be fumshed from various 

sources for the Main Decontamination Faulity (MDF) to function as mtended The equipment 

(4011 REV)(F04REV 1)(06/07/91 333pm) 
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listed below has been divlded into two sections "Eqmpment Provlded At The MDF and "Equipment 

Provlded By MDF Users " 

Equipment And Supplies Provlded At The MDF 

0 Dram, pumps, and tanks for the collectton and holdmg of decontamlnation and 

m e  solutions 

0 High pressure steam cleaner and hgb pressure wash and ruse systems 

0 Suffiaent potable water to be used m the h ~ g h  pressure cleamng systems 

0 Portable power generator 

0 Splash curtains 

0 Wooden pallets 

0 A back-hoe or equivalent heavy equipment item outfitted wth a "drum grappler" 

0 A two wheeled "dolley" designed to carry 5 5 d o n  drums 

0 Overpacks to be used in the event a waste contamer is dropped or othemse 

damaged and starts to spill wastes 

0 Opaque, water proof sheetmg 

0 Plastic or nylon ban- and the equpment necessary to band the sheetmg to 

waste containers 

(4011 REV)(Mz1REV I)(Oa/O7/91 3Upm) 
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b Long and short-handled stdf bnstle brushes 

0 Wire brushes 

0 Wash and rinse buckets for equipment mteriors 

b Premoistened towelettes 

I 
l 

0 Duct tape or equivalent 

0 Windsock or equivalent method for decontamination workers to determine the I 

wnd dmedion 

Equipment And Supphes Provrdcd By MDF Users 

b Personal protective equipment (PPE) as reqlured by the srte-specrfc Health and 

Safety Plan 

b Waste containers for used PPE, non-reusable items r q u c d  to complete 

decontammation, and sods dislodged dunng decontammauon 

b An OVD to screen eqmpment and waste contamers for an estmate of the 

effectiveness of decontamination efforts 

b Radiation detection equipment 

b Wash and rinse buckets necessary to establlsh a personal decontamination line 

identical to the one used at the work-site that resulted m contammation of the 

items bemg decontaminated 
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Any equipment of task-spedic decontamrnation flmds required by a SOP or 

SOPA but that are not b e d  as bemg avrulable at the MDF 

0 Blank waste contamer labels to replace any completed labels that become 

dislodged or rendered unledpble dumg the decontammation process 

0 In addition, MDF users are responsible for arrangmg to have an EG&G RFT or 

RFT designated representative present if required 

6.0 PROCEDURES 

6.1 INTRODUCTION 

Each projed work area wll be charactenzed by EG&G pnor to any field adivlty Work area 

charactenzations wdl be based on the hstoncal background of the work area and mclude the 

chemical results of prewous soil and groundwater analyses and the results of field radiologd 

surveys conducted by EG&G RF'Ts or RF" designated representatma Work areas associated wth 

the EM program f d d  operations fall into two charactercabom potentially contaminated and 

potenhally contaminated. Work areas currently c h a r a c t e d  as potenhally contammated mclude 

the follounng 

Indiwdual Hazardous Substance Sites (IHSSs) 
Identified Groundwater Plume Areas 

Americium Zone at OU No 2 

0 Surface water and sediment samphng stations that have not been verlfied as 

background locations 

Potentially contaminated work areas where groundwater plumes have been identlfied wll be 

specified in the applicable work plans, as appropriate Table FO 4-A1 of Appendlx FO 4A hsts the 

(4011 REV)(FolREV 1)(06/07/91 333pm) 
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IHSS work areas at RFF' and Figure FO 4-A1 shows the locations of the IHSSs Figure FO 4-1 

dlustrates the identified groundwater plume areas and the amenaum area at OU No 2 Table 

F04-1 hsts the surface water and sediment stations (locations) that have been vedied as 

background stations (uncontammated) as of December, 1990 Otber surface and sedunent sampling 

stations w d  be added to this 1st as they become vertfied as background stations Unless spectfied 

in the mdiwdual project work plans, all other work areas w d  be considered potentially contammated 

and the procedures described in t h s  SOP wll be followed 

Heavy eqmpment used m a work area charactenzed as not potenhally contammated but where 

enwonmental monitoring conducted as the work progresses indlcates the presence of contammahon 

may also become contaminated Since such contammahon 1s not always easdy b r m b l e ,  it 1s 

necesary to assume that all equipment workmg an area, where the presence of such substances are 

known or suspected, has been contammated Effectwe decontammation procedures as described 

rn thls SOP wdl be implemented to minlmlze the potential for cross-contammation, offslte 

contaminant migration, and personnel exposure from improperly decontaminated eqmpment 

Heavy equipment used in an actiwty area charactenzed by EG&G as not potenhally contammated 

and where enwonmental monitomg conducted as the work progresses does not indicate the 

presence of contamination may be washed at a central decontamination stahon Procedures 

establtshed in Section 60 are not applicable, but Form FO4A, Heavy Eqmpment 

Decontamination/Wash Checkllst and Record, Sections I, 11, and I11 (Attachment l), shall be 

completed 

6.2 CONTAMINATION REDUCTION IN THE FIELD 

Although the most effective decontamination vnll generally be accomplished at a deQcated 

decontamination station, it IS always desirable to accompltsh a reduction in overall contamination 

in the field prior to m o w g  equipment to a dedicated decontammation station The goal of 

contamination reduction is to limit contaminant migration from the exclusion zone Contamination 

(4011 HEV)(FCNREV I)(W/07/91 3 Upm) 
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Surface Water 
Station Number 

S W W  

swoos 
swm 
sw108 

swoo7 

swo41 

swm 
SWlW 

SW107 

sw042 

TABLE FO.4-1 

BACKGROUND SURFACE WATER AND SEDIMENT STATIONS 

FOR 

ROCKY FLATS PLANT 

Sedment 
Station Number 

SED 22 

SED 20 

SED 23 

SED 21 

SED 04 

SED 17 

SED 18 

SED 19 

SED 16 

SED 15 

(4011 REV)(FOIREV I)(W/lO/5’l 10-99pm) 

Location 

Rock Creek Drainage 

Rock Creek Dramage 

Rock Creek Dramage 

Rock Creek Valley Wall 

Tnbutary of Walnut Creek 

Tributary of Woman Creek 

Tnbutary of Woman Creek (spnng) 

Tributary of Woman Creek (spnng) 

Woman Creek Dramage 

Offsite Gravel Pits 
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reduction wd1 occur near the work site wthin the exclusion zone 

Contamination reduchon is accomphshed by scraping, brushing, or othenwse remomg as much 

obvlous accumulation of the potentlally contaminated m d a  as possible After the potentially 

contaminated media has been removed, monitoring wdl be accomphshed by the subcontractor’s Site 

Safety Officer The subcontractor’s Site Safety Officer wll use procedures estabhhed 111 EG&G 

Radiologd Operation Instructions (ROI) 3 1, Performance of Surface Contamination Surveys, to 

conduct radiation monitormg during contamination reduction actiwhes m the field Sections 10 3 

and 104 of tbe referenced ROI relate speufidy to conduchg momtormg of potentdy 

contammated heavy eqmpment dunng contammaUon redudon actmties in the field If momtomg 

mdmted the presence of contammation, the contaminated areas wdl be wped wth heavy-duty 

premostened towelettes (1 e ,  baby wpes) d domg so may reduce contammation Followmg wpe 

down wth the premostened towelettes, the area wll be remomtored The precedmg sequence of 

adons d l  be repeated untd momtormg mdlcates that no further redudon 111 contammation IS 

occurring The contaminated area wdl then be sealed as d e s c r i i  in Subsection 6 4. and the type, 

amount, and location of contammation recorded on Form F0.4A The completed Form FO 4A wdl 

accompany the eqwpment and be provided to the indwdual responsible for completmg 

decontaminabon at the mam decontamination fadity. 

In the event dlsposal equipment IS not avadable and eqwpment must be re-used mmehately; as 

in the case of continuous samplers core butes, etc , a field decontarnmation may be set up outside 

the exclusion zone A field decontaminahon wll includmg the followmg procedures 

e Scrape gross contamination from equipment whde m the exclusion zone 

Remove the item to be decontammated from the excluslon zone and wash m a 

laboratory grade detergent and tap water A brush may be used for residual 

particulates 

(4011 REV)(M>PREV.l)(W/07/91 333pm) 
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e Rinse the item in tap water 

0 Triple nnse the item in tap water 

Equipment may now either be wrapped in plastic to prevent cross-contammation 

or be reused immediately 

Substances removed during the contamination reduction process shall be handled as described in 

SOP FO 7, Handling of Decontamination Water and Wash Water, SOP FO 8, Handhg of D r h g  

Fluids and Cuttings, and SOP FO 10 Receivmg, Labelmg, and Hand@ Waste Containers. 

62.1 Prework Activities 

h i t m g  the amount of surfaces exposed to potend contammahon IS an effectwe method of 

reduang contamination The followng steps wll be taken each tune heavy equipment IS to be used 

in any manner that has potential for resulting in the equipment becoming contammated 

Once an item of heavy equipment has been taken mto a potentially contammated area, it wdl not 

normally be removed from the work area until all work that reqwes the presence of the equlpment 

has been completed Therefore care should be taken to ensure that fuel, oil, hydraulic fluid, and 

lubncant reservoirs are filled prior to entenng the work area For example, rf "X" amount of 

monitonng wells are to be constructed wthm a gtven work area, then the drill rig being used WH 

not leave the area until all drilling has been completed Of course, augers and other like items wdl 

have to be decontaminated between bore holes In order to reduce the potential for contamination 

of internal operating parts, heavy equipment wl1 be removed from potentially contaminated areas 

and decontaminated if it becomes necessary to perform any maintenance on the equipment that may 

result in contamination of internal operating parts 

(loll REV)(M)JREV 1)(06/07/91 3 Upm) 
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If an enclosed cab is present, it wll be h e d  wth plastic sheeting As a minmum, the seat(s) and 

floor wll be covered, and the sheetmg secured in such a manner that it wll not become dislodged 

during routine use 

After arrivlng at a work site, any compartments, tool boxes, and enclosed cabs shall be sealed by 

dosing the doors and windows when such fwures are present and s e h g  the seams around such 

fuctures wth tape 

When at the work ate, any fuel, od, or hydrauhc flmd fill ports and ax cleaners wdl be sealed rn 

a manner that blocks the entrance of dusts that may be radiologdly contaminated unless to do so 

would dlsable a power system requued to complete the field work 

63 CONTAMINATION MONITORING 

Monitonng for potenhal VOC contamination and potenhal radiologmil contamination UnlI be 

conducted on all heavy equipment used inside work areas c h a r a c t e d  as potentially contammated 

and on all heavy eqwpment used lnside work areas charactenzed as not potentially contaminated 

but where enwonmental monitonng conducted as work progresses mdicates the presence of 

contamination 

EG&G RPTs or RPT designated representatives wl1 screen all equipment and personnel leavlng 

the work area to ensure that no radioactively contaminated materials leave the work area. The 

RPT wll use procedures establtshed III EG&G Radiologmil Operation Instruction (ROI) 31, 

Performance of Surface Contamination Surveys 

The subcontractor’s health and safety representative assigned to the field team wll momtor all 

personnel and equipment to ensure that no matenals grossly contaminated wth VOCs leave the 

area 

(4011 REV)(FO4REV 1)(06/M/91 333pm) 
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S p a 1  attention shall be devoted to tyes, tracks, and any other surfaces that have been m dlrect 

contact wth the enwonmental media bemg investigated or that have been in dlrect contact wth 

other items of equipment or personnel that have been in direct contact wth the enwonmental 

media being investigated S p e d  attenhon shall also be devoted to any surfaces where 

accumulations of the enwonmental media being investigated exlst 

6.4 MOVEMENT OF CONTAMINATED HEAVY EQUIPMENT 

A trader wll be required to move eqmpment to a antral decontammation stauon tf contammation 

monitolvlg indicates contammahon on surfaces such as tries or tracks or any other item whch may 

contact the ground or become dislodged when the equipment 1s moved. Any trader used to move 

heavy equipment to a central decontammation station w1I1 be decontammated and the effmveness 

of decontamination verrfied m the same manner as the eqwpment it was used to move 

Following field contamination reduction, eqmpment surface areas remamng contaminated shall be 

covered wth plastic sheeting prior to the equipment departing the exclusion zone Edges of the 

sheeting unll be held rn place by duct tape or a slmilar type tape 

Contaminated heavy equipment Hnll not be moved at speeds greater than 5 miles per hour Heavy 

equipment wll not be moved over paved roads during the hours of peak traffic flow, such as the 

bepning or end of the work day 

65 CENTRAL DECONTAMINATION STATION 

The central decontamination station is located adjacent to and south of the 903 Pad Information 

regarding the configuration, operation, and maintenance of the central decontaminabon station has 

been prepared and may be found in SOP FO12, Decontamination Facllity Operations The 

followng procedures are presented in the chronologd order in which they should normally occur 

(4011 RN)(FO)REV 1)(06/07/91 333pm) 
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65.1 Predecontamination Procedures 

b Renew Form FO4A, Heavy Equipment Decontammation Checkkt and Record to 

determine the level of PPE reqlured by the applicable site-spedic health and safety plan 

and the correct decontammation procedure 

Establuh a personnel decontamination h e  as described in the apphcable site-spedic 

health and safety plan 

b Personal protective equpment (PPE) wdl be used as reqlllred m the apphcable Health and 

Safety Plan 

b Upon arrival at the MDF, the equipment to be decontammated and any accompanymg 

waste contamers will be set on the ground at locat~ons that WIII permit one item or group 

of similar items at a time to be placcd within the screened-m portion of the MDF 

b If radlologrcal momtormg durmg the contammahon reduchon process documented the 

suspected presence of radioactive substances that could not be removed during the 

contamination reduction process, arrangements Hnll be made for an EG&G RPT or RPT 

designated representative to venfy the effectiveness of decontammation 

b Areas that have been sealed agamst exposure to the ennronment as required by thu SOP, 
(due to the suspected presence of contamination that could not be removed durmg the 

contamination reduction process at the work area) wdl be clearly marked so that the area 

can be identified and monitored 

b Surfaces suspected of hanng tightly bound contaminahon that could not be removed durmg 

the contamination reduction process wll be decontaminated first Procedures speclfied 111 

ths SOP wll be followed The MDF user wll use an OVD or radiation monitor as 

(4011 REV)(Fo(REV 1)(06/07/91 333pm) 
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appropnate to screen the surfaces suspected of havlng had tightly bound contammation 

If the screening indicates the contammation has been removed, the equipment wll be 

moved out of the MDF and returned to semce only if the type of contammation that had 

prevlously been suspected was orgmc contammabon If the presence of radoachve 

contamination was suspected, the equipment wll be moved out of the MDF, parked 

nearby, and held out of semce until vedicabon of decontammation as descnbed m 

Subsection 6 4 1, Verification of Decontamination, has occurred 

0 Vedcation of effectiveness of decontammation is not reqwed for heavy equipment 

surfaces that were found to be contaminant free by momtoring at the work area conducted 

as part of the contamination reduction process 

652 Decontamination Procedures 

0 Enclosed cabs 

- Remove plastic hing/Covers and dlspose as contaminated waste 

- Wipe down intenor surfaces 

- Use a brush to apply a detergent and water solution to the floor 

A low-pressure water hose should be used to flush the detergent and water 

solution from the cab 

Seal the cab by closing doors, wndows, and vents 

(4011 REV)(WREV 1)(06/07/91 333pm) 
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0 Engme compartments 

Although engmes should not normally become contaminated, the engme area wll 

be wsually inspected for signs (e g , mud splashes) of potenhal contammation 

- Any dry air filters servlang eqmpment used in a sohd waste management u t  wdl 

be removed and handled as radiologully contammated waste 

If there are not any slgns of contammabon, the compartment should be left as IS 

and sealed dumg decontammation of extenor surfaces 

- If there appears to be contammhon present, someone famhar wtb the engme 

wll employ the procedures for decontammatmg extenor surfaces whde avoidmg 

damage to moisture-sensitwe e n p e  components Mosture-sensltrve components 

may be covered wth plastic during engme decontamination The components wdl 

then be hand wped wth disposable moistened towels, following general engme 

decontamination 

Followng engme decontammation, the e w e  compartment should be sealed 

during decontamination of extenor surfaces 

0 Exterior surfaces mcluding trailers used to move equipment to the decontamination station 

Inspect equipment and trailers for obwous accumulation of contammated media 

that can be easily dislodged by physical means (see Subsechon 6 2, Contammation 

Reduchon in the Field) 

Use a pressurized detergent and water solution, foliowed by a pressurued potable 

water rinse 

(4011 REV)(FWREV l)(W/07/91 3 3%m) 
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Stand upwnd/crosswnd of the surface being decontaminated If necessary the equipment 

WIN be reoriented inslde the decontamination station to allow an upwnd or crosswnd 

position, or hand brushing wll be used to complete decontamination 

Start at the uppermost surface and work downward including the underside of the 

equipment 

Pay particular attention to areas such as tires that came into contact wth a potentially 

contaminated media and areas that show mud signs of contammation such as mud 

splashes on the inside of fenders or accumulations of water in a bed 

0 Move the equipment and decontaminate the eqwpment surfaces that have been m contact 

wth the decontamination station floor. 

0 Arrange for an EG&G RPT or RPT designated representative to conduct a smear test as 

described in ROI 3 1, Performance to Surface Contamination Surveys, to verdy removal of 

radiologtcal contamination dsuch contammation had been noted on the Form FO 4A when 

the equipment arrived Repeat the decontamination procedures for extenor surfaces if 
radiologtcal contamination IS found and then repeat the motutomg If contammation is 

still present after completing the second decontamination procedure, contact the 

appropriate EG&G Construction Manager 

0 Equipment 

Items which come into direct contact wth enwronmental samples collected for 

laboratory analysrs 4 1  be decontaminated as descnbed in SOP F03, General 

Equipment Decontamination Examples of such items are sample containers 

(4011 REV)(n>rREv 1)(06/07/91 3 33pm) 
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Equipment used inside contaminated actiwty areas but that do not directly contact 

samples wll be decontaminated by a pressunzed detergent and water solution 

followed by a pressurized potable water rinse Examples of such items include 

augers, drilling rods, and any hand tools used during dnllmg Decontammation 

wll be verified as described in Subsection 6 43, Post Decontamination Procedures 

653 Post Decontamination Procedures 

0 Eqmpment surfaces that could not be decontammated m the field durmg contamination 

reducbon actiwties wll undergo venfication of decontammation at the MDF Vedication 

of organic decontamination wdl be accomplshed wth an OVD by the MDF user 

responsible for decontaminating the equipment Verlfication of radiolopal 

decontamination d 1  be accomphshed by an EG&G RPT or RPT deslgnated representative 

using the instruments and techniques speaiied m ROI 31,  Performance of Surface 

Contamination Surveys 

0 Decontaminate brushes and other reusable items of decontamination eqlupment as 

described in SOP F03, General Equipment Decontamination 

0 Complete personal decontamination as described m the applicable ste-speufic health and 

safety plan 

0 Document decontamination using Form FO 4A, Heavy Equipment Decontammation 

Record 

0 SOP FO 7, Handling of Decontamination Washwater, prowdes pertinent guidance whch 

should be followed 
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7.0 DOCUMENTATION 

Form FO 4A, Heavy Equipment Decontamination Record, shall be used to document information 

required by thls SOP Completed forms wll be maintiuned as part of the project files Sections 

I and I1 of the form wll be completed by the person dehvermg heavy equipment for 

dccoataminabon Sections 111, IV, and V wll be completed by the person conductmg the 

decontamination operation 
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APPENDIX F0.4A 

TABLE FO 4-A1 
ROCKY FLATS PLANT 

INDIVIDUAL HAZARDOUS SUBSTANCE SITES 

REF. NO, SITE NAME 

101 
102 
103 
104 
105 

106 
107 
108 
109 
110 

207 SOLAR EVAPORATION PONDS 
OIL SLUDGE PIT 
CHEMICAL BURIAL 
LIQUID DUMPING 
OUT-OF-SERVICE FUEL TANKS 

105 1 - WESTERNMOST TANK 
105 2 - EASTERNMOST TANK 

OUTFALL 
HILLSIDE OIL LEAK 
TRENCH T-1 
TRENCH T-2 
TRENCH T-3 

TRENCHES T-4 TO T-11 
111 1 TRENCH T-4 

1113 TRENCH T-6 
111 2 TRENCH T-5 

111 4 TRENCH T-7 
1115 TRENCH T-8 
111 6 TRENCH T-9 
1117 TRENCH T-10 
111 8 TRENCH T-11 

112 903 DRUM STORAGE AREA 
113 MOUND AREA 
114 PRESENT LANDFILL 
115 ORIGINAL LANDFILL 
116 MULTIPLE SOLVENT SPILLS 

116 1 WEST LOADING DOCK AREA 
116 2 SOUTH LOADING DOCK AREA 

Note This information is based on the administrative record including the information submitted in the 
hazardous and low-level mured waste Part B application dated November 1,1985, as modified by the 
subsequent rewaon dated November 28, 1986, as modified by the subsequent revlsion dated 
December 15, 1987, and the transuranic mured waste Part B application submitted July 1, 1988, 
Thereafter referred to as the applications This information 1s also based on mdependent revlew of 
historical aerial photographs of the facility and independent revlew of facility submittals 
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Table FO 4-A1 (cont ) 
INDIVIDUAL HAZARDOUS SUBSTANCE SITES 

REF NO, 

117 

118 

119 

120 

121 
122 
123 

125 
126 

127 
128 
129 
130 
131 
132 
133 

134 

SITE NAME 

CHEMICAL STORAGE 
117 1 NORTH SITE 
1172 MIDDLE SITE 
1173 SOUTH SITE 

118 1 WEST OF BUILDING 731 
118 2 SOUTH END OF BUILDING 776 

1191 WESTAREA 
1192 EASTAREA 

FIBERGLASSING AREAS 
120 1 NORTH OF BUILDING 664 
1u) 2. WEST OF BUILDING 664 

ORIGINAL PROCESS WASTE LINES 
UNDERGROUND CONCRETE TANK 
VALVE VAULT 7 

MULTIPLE SOLVENT SPILLS 

MULTIPLE SOLVENT SPILLS 

123 P VALVE VAULT 7 
4,000 GALLON TANK #67) 

HOLDING TANK 
OUT-OFSERWCE PROCESS WASTE TANKS 

126 1. WESTERNMOST TANK 

126 2 EASTERNMOST TANK 
LOW-LEVEL RADIOACTIVE WASTE LEAK 
OIL BURN PIT NO 1 
OIL LEAK 
RADIOACTIVE SITE - 800 AREA SITE #1 
RADIOACTIVE SITE - 700 AREA SITE $1 
RADIOACTIVE SITE - 700 AREA SITE #4 
ASH PITS 

133 l A S H  PIT 1-1 
133 2 ASH PIT 1-2 
133 3 ASH PIT 1-3 
133 4 ASH PIT 1-4 
133 5 INCINERATOR 
133 6 CONCRETE WASH PAD 

LITHIUM METAL DESTRUCTION SITE 

(4011 REV)(F04RCV 1)(6/11/91) Page A-2 of A4 



Table FO 4-A1 (cont ) 
INDIVIDUAL HAZARDOUS SUBSTANCE SITES 

REF NO 

135 
136 

137 
138 
139 

140 
141 
142 

141 
142 

143 
144 
145 
146 

SITE NAME 

COOLING TOWER BLOWDOWN 
COOLING TOWER PONDS 

136 1 NORTHEAST CORNER OF BUILDING 460 
136 2 WEST OF BUILDING 460 
1363 S OFBLDG 460,W OFBLDG 444 

COOLING TOWER BLOWDOWN - BLDG 774 
COOLING TOWER BLOWDOWN - BLDG 779 
CAUSTIC/ACID SPILLS 

139 1 HYDROXIDE TANK AREA 
139 2. HYDROFLUORIC ACID TANKS 

REACTIVE METAL DESTRUCTION SITE 
SLUDGE DISPERSAL 
RETENTION PONDS (A,B,C-SERIES) 

142 1 A-1 POND 
METAL DESTRUCTION SITE 

SLUDGE DISPERSAL 
RETENTION PONDS (A,B,C-SERIES) 

142 1 A-1 POND 
1422 A-2 POND 
1423 A-3 POND 
1424 A-4POND 
1425 B-1 POND 
142 6 B-2 POND 
1427 B-3 POND 
1428 B-4POND 
142.9 B-5 POND 
142 10 C-1 POND 
142 11 C-2 POND 
142 12 NEWLY IDENTIFIED A-5 POND 

OLD OUTFALL 
SEWER LINE BREAK 
SANITARY WASTE LINE LEAK 
CONCRETE PROCESS WASTE TANKS 

146 1 7,500 GALLON TANK (#31) 
146 2 7,500 GALLON TANK (432) 
146 3 7,500 GALLON TANK (*34W) 
146 4 7,500 GALLON TANK (#34E) 
146 5 3,750 GALLON TANK (*a) 
146 6 3,750 GALLON TANK (#33) 

(4011 REV)(FO(REV 1)(6/11pl) Page A-3 of A-6 



REF NO 

147 

157 

158 
159 
160 
161 
162 
163 

164 

Table FO 4-A1 (cont ) 
INDIVIDUAL HAZARDOUS SUBSTANCE SITES 

SITE NAME 

148 
149 
150 

151 
152 
153 
154 
155 
156 

PROCESS WASTE LEAKS 
1472 OWENAREA 

WASTE SPILLS 
EFFLUENT PIPE 
RADIOACTIVE LIQUID LEAKS (8) 

150 2 WEST OF BUILDING 771 
150 3 BETWEEN BUILDINGS 771 ant 774 
150 4 EAST OF BUILDING 750 
150 5 WEST OF BUILDING 707 
150 6 SOUTH OF BUILDING 779 
150 7 SOUTH OF BUILDING 776 
150 8 NORTHEAST OF BUILDING 770 

1x1 1 NORTH OF BUILDING ni 

FUEL OIL LEAK 
FUEL OIL TANK 
OIL BURN PIT NO 2 
PALLET BURN SITE 
903 LIP AREA 
RADIOACTIVE SOIL BURIAL 

156 1 BUILDING 334 PARKING LOT 
156 2 SOIL DUMP AREA 

RADIOACTIVE SITE 
157.1. NORTH AREA 
1572 SOUTH AREA 

RADIOACTIVE SITE - BLDG 551 
RADIOACTIVE SITE - BLDG 559 
RADIOACTIVE SITE - BLDG 444 PK LOT 
RADIOACTIVE SITE - BLDG 664 
RADIOACTIVE SITE - 700 AREA SITE #2 
RADIOACTIVE SITE - 700 AREA SITE #3 

163 1 WASH AREA 
1632 BURIED SLAB 

RADIOACTIVE SITE - 800 AREA SITE #2 
164 1 CONCRETE SLAB 
1642 BUILDING 886 SPILLS 
1643 BUILDING 889 STORAGE PAD 

165 TRIANGLE AREA 

(4011 REV)(FOIREV 1)(6/11/91) 
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TABLE FO 4-A1 (cont ) 
INDIVIDUAL HAZARDOUS SUBSTANCE SITES 

REF NO 

166 

167 

168 
169 
170 
171 
172 
1.73 
174 
175 
176 
in 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
1% 
197 

SITE NAME 

TRENCHES 
166 1 TRENCH A 
1662 TRENCH B 
1663 TRENCHC 

167 1 NORTH AREA 
1672 POND AREA 
1673 SOUTH AREA 

SPRAY FIELDS - THREE SITES 

WEST SPRAY FIELD 
WASTE DRUM PEROXIDE BURIAL 
P U & D STORAGE YARD - WASTE SPILLS 
SOLVENT BURNING GROUND 
CENTRAL AVENUE WASTE SPILL 

P U &D CONTAINER STORAGE FACILITIES (2) 
S&W BLDG 980 CONTAINER STORAGE FACILITY 
S&W CONTRACTOR STORAGE YARD 
BUILDING 885 DRUM STORAGE AREA 
BUILDING 881 DRUM STORAGE AREA 
BUILDING 865 DRUM STORAGE AREA 
BUILDING 883 DRUM STORAGE AREA 
BUILDING 334 CARGO CONTAINER AREA 
BUILDING 444/453 DRUM STORAGE AREA 
GAS DETOXIFICATION AREA 
BUILDING 991 STEAM CLEANING AREA 
SOLVENT SPILL 
VALVE VAULT 12 
ACID LEAKS (2) 
ACID LEAK 
MULTIPLE ACID SPILLS 
CAUSTIC LEAK 
HYDROGEN PEROXIDE SPILL 
ANTIFREEZE DISCHARGE 
STEAM CONDENSATE LEAK 
STEAM CONDENSATE LEAK 
NICKEL CARBONYL DISPOSAL 
WATER TREATMENT P U N T  BACKWASH POND 
SCRAP METAL SITES 

RADIOACTIVE SITE - 900 AREA 
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REF NO 

198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 

215 

216 

217 

TABLE FO 4-A1 (cont ) 
INDIVIDUAL HAZARDOUS SUBSTANCE SITES 

SITE NAME 

VOCs IN GROUND WATER 
CONTAMINATION O F  THE LAND SURFACE 
GREAT WESTERN RESERVOIR 
STANDLEY RESERVOIR 
MOWER RESERVOIR 
INACTIVE HAZARDOUS WASTE STORAGE AREA 
ORIGINAL URANIUM CHIP ROASTER 
BLDG 460 SUMP 43 ACID SIDE 
INACTIVE D-836 HAZARDOUS WASTE TANK 
INACTIVE 444 ACID DUMPSTER 
INACTIVE 444/447 WASTE STORAGE AREA 
SURFACE DISTURBANCE SOUTHEAST OF BLDG 881 
UNIT 16, BUILDING 980 CARGO CONTAINER 
UNIT 26, BUILDING 881 DRUM STORAGE 
UNIT 63, BUILDING 371 DRUM STORAGE 
UNIT 15,904 PAD PONDCRETE STORAGE 
UNIT 25,750 PAD PONDCRETE AND SALTCRETE STORAGE 

UNITS 55 U,55 14,55.15,55 16 - 
TANKS T-40, T-66, T-67, T-68 

EAST SPRAY FIELDS 
216 1 NORTH AREA 
216 2 CENTER AREA 
216 3 SOUTH AREA 

UNIT 32, BUILDING 881, CN- BENCH SCALE TREATMENT 
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U S DEPARTMENT OF ENERGY ROCKY FLATS Form F0.4A 
Page 1 of 3 

HEAVY EQUIPMENT DECONTAMINATION/WASH CHECKLIST AND RECORD 

I General Information (completed by 1 
name date phone no 

Subcontractor’s Name 

NOTE Sections I and I1 wdl be completed by the same indimdual 

Vehicle Manufacturer, Model and Common Name 

Equipment Owner 

Name and Phone Number of Person Responsible for the Equipment 

Serial Number/Vehicle Identification Number (VIN) 

Delivered to Decontamination Station by 

Initial contaminate charactenzation of activlty area 

Equipment delivered to Central Decontamination Station on a trader due to VOC or radiologd 
contammation YeS No 

Were areas found to be contaminated covered wth plastic sheehng taped In-place prior to 
movemen t9 YeS No No contammahon present 

11 Exposure History 

Where was equipment used9 

What was eqmpment used for9 

Did venfied enwonmental monitonng indicate the presence of contammahon? - Yes - No 
Name of person who accomphhed environmental radiologd monitomg in the field 

Name Date Phone No Employer’s Name 

Results of Radiolog4 monitonng of equipment after final contamination reduction III the field 

None detected 

Less than 250 cpm - Specify measured cpm - 
Greater than 250 cpm - Speufy measured cpm - 

If areas of measurable alpha radiation were found, clearly identify those areas by promding both a 
written description sufficient to enable a second party to locate the area and include a sketch of the area 
showmg its location in relation to major components of the equipment being decontaminated 



Form FO 4 

Page 2 of 3 
I '  

a 

' 0  

e 

Results of VOC monitoring after final contamination reduction in the field 

VOCs at background levels 

VOCs greater than background 

111 Actions At Central Decontamination Station 

The equipment was washed under the provlsions of SOP No FO 4, Heavy Equipment 
Decontamination, Subsection 6 1 

Personnel Decontammation Station estabhshed as described m the apphcable site- 
specific health and safety plan 

Personal protective equipment (PPE) selected based upon results of radiological 
monitoring 

Speufy PPE level utilized Level B Level C Level D 

PPE inspected prior to donnmg 

Wind direction checked pnor to usmg pressurized spray (urcle the direction the wind 
was blowing from) 
N NE E S E  S SW W NW 

Enclosed cab present and decontaminated 

Engine compartment inspected and decontammated as requlred 

Were decontamination and nnse operations started at the uppermost surfaces7 

Was particular attenbon devoted to areas such as tires that contacted a potentially 
contammated medium and to areas identified as hamg a measurable level of alpha 
radiation? 

Was the equipment moved to decontammate surfaces that had been m contact mth 
the decontammation station floor7 

Was equipment used to decontaminate the heavy equipment decontaminated as 
desmbed in SOP FO3, General Equipment Decontamination7 

Was personal decontamination completed as described in the applicable site-speclftc 
health and safety plan? 

IV Equipment Monitoring to Verify Removal of Contamination 

Name of EG&G RPT or RPT designated representative conductmg smear test as described III ROI 3 1, 
Performance of Surface Contamination Surveys 

(Name) (Date) (Phone No ) 

Results of smear test 

(4011 REV)(FMREV l)(W/07/91 3.33pm) 



Form F 0 4  
Page 3 of 3 

Name of person conducting VOC monitoring 

(Name) (Date) (Phone No) (Subcontractor’s Name) 

Results of VOC monitoring 

V Follow-up Decontamination 

- Not Required 

- Required for the followng area/surfaces 

Results of follow-up smear tesl 

- Decontamination completed 

- Decontamination incomplete and EG&G Construction Manager notlfied 

( 1 
Name Date PhoneNo 
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HANDLING OF PURGE AND DEVELOPMENT WATER 

EG&G ROCKY FLATS PLANT Manual 5-21200-OPS 
EMAD MANUAL OPERATION SOP Procedure No : FOJ, Rev 1 

Effective Date June 10,1991 
Category 2 Organization- Environmental Management 

Page: 2 of8  

2.0 

3.0 

PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes the procedures that w11 be used for containing, 

momg, and emptymg wastewater generated dunng well development at the Rocky Flats Plant 

(R*) 

RESPONSIBILITIES AND QUALIFICATIONS 

Personnel usrng hght or heavy equipment, saentdic monitormg devices, or operating company 

vehcles must have appropnate traning and/or licenses 

The subcontractor’s site manager 1s responsible for coordinating the removal and transfer of all 

enwonmental matenals from the project work area 

The subcontractor IS also responsible for mowng purge and development water to holding tanks 

located at the central EG&G decontamination facility 

It IS the subcontractor’s site manager’s responsibdity to report as soon as posslble to the EG&G 

project manager or a designated EG&G representative any damage mcurred to a drum Types of 

damage d u d e  holes, damage to the lid seal, or any other problem that may compromlse drum 

mtegnty Damaged drums must have their contents transferred to an undamaged drum 

The subcontractor’s site manager wdl assign personnel to conduct weekly inspections of all the 

drums wued to the subcontractor until relinquished to EG&G These inspections wd1 ensure that 

drum mtegnty IS mamtained 

EG&G’s Radiation Protection Techmaans (RPTs) or RPT designated representatives are 

responsible for conducting radiabon screenings of equipment, samples, and personnel before they 

leave the work area 

(4011 R E q F c m E v  l)(a?/Ol/9l) 



-- 

HANDLING OF PURGE AND DEVELOPMENT WATER 

EG&G ROCKY FLATS PLANT Manual 5-21200-OPS 
EMAD MANUAL OPERATION SOP Procedure No F05, Rev 1 

Page 3 o f 8  
Effective Date June 10,1991 

Category 2 Organization Environmental Management 

EG&G's Waste Operations personnel are responsible for the collection, movement, storage, 

treatment, and dlsposal of enwonmental hquids from the main decontamination facllity 

4 0  REFERENCES 

4.1 SOURCE REFERENCES 

The followmg is a list of references renewed prior to the writing of this procedure 

EG&G Poliues Rocky Flats Plant Use a nd Color CodinP of Drums RFTM MAT 20-005 

November 3,1989 

Enwonmental Protection Agencv IEPAI. A ComDendium of SuDerfund Field Omrations Methods 

EPA/54O/P-8'7/001 December 1987 

RCRA Facllitv Investieation Guidance Interim Rnal May 1989 

4 2  INTERNAL REFERENCES 

Related SOPS cross-referenced in this SOP are 

0 SOP FO 3, General Equipment Decontamination 

SOP FO 7, Handling of Decontamination Water and Wash Water 

SOP FO 8, Handling of Drilling Fluids and Cuttings 

0 

0 

0 SOP FO 10, Receinng, Labeling, and Handling Enwonmental Materials 

Containers 
0 SOP FO 12, Decontamination Facility Operations 

SOP FO 15, Use of PIDs and FIDs 

SOP FO 16, Field Radiological Measurements 

0 

0 
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HANDLING OF PURGE AND DEVELOPMENT WATER 

EG&G ROCKY FLATS PLANT Manual. 5-2 1200-OPS 
EMAD MANUAL OPERATION SOP Procedure No.. F05, Rev. 1 

Page. 4 o f 8  
Effective Date: June 10,1991 

Category 2 Organization: Environmental Management 

5.0 EQUIPMENT 

5.1 EQUIPMENT NEEDED TO HANDLE PURGE AND DEVELOPMENT WATER 

The followmg IS a 1st of equipment needed for the proper handling of purge and development 

water 

0 55-gallon, open top (removable top), gray drums or liquid contamers appropriately 

s d  for the task 

0 Hand, electric, or gas powered pumps 

0 An orgamc vapor detector (OW) 

A field radiation monitor 

0 Shovel (scoop type) 

0 Clear plashc sheehng for plaang around the well head to prevent cross 

contammation of the surface 

0 Splash protective and personal protective equipment as required by the site- 

speufic Health and Safety Plan 
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HANDLING OF PURGE AND DEVELOPMENT WATER 

EG&G ROCKY FLATS PLANT Manual 
EMAD MANUAL OPERATION SOP Procedure No 

Page: 
Effective Date 

Category 2 Organization: 

5-21200-OPS 
F05, Rev. 1 

5 o f 8  
June 10,1991 

Environmental Management 

6.0 HANDLING OF PURGE AND DEVELOPMENT WATER 

Water used during the development of an enwonmental monitoring well is considered purge and 

development water Monitoring well development is the process by which the drilling fluids and 

mobde particulates are removed from wthin and adjacent to newly installed wells This process can 

also be used to remove sediment or other built-up materials from older wells 

Each project work area wll be characterized by EG&G prior to any field activity Work area 

characteraahom wdl be based on the historical background of the work area and include the 

chemical results of prewous soil and groundwater analyses and the results of field radiologd 

surveys conducted by EG&G RPTs or RPT designated representatives Work areas associated wth 

the Enwonmental Management (EM) program field operations fall into two charactermhons 

potentially contaminated and potenhally contaminated Work areas currently charactenzed as 

potentially contaminated include the followng 

0 Indiwdual Hazardous Substance Sites (IHSSs) 
0 Identdied Groundwater Plume Areas 

Americium Zone at OU No 2 0 

0 Surface water and sediment sampling stations that have not been verified as 

background locations 

See SOP FO 10, Receiwng, Labeling, and Handling Enwronmental Materials Containers for specific 

work areas currently characterized as potentrally contaminated Appendlx A (SOP FO 10) is a hst 

of the IHSSs at RFP 

Sohd enwonmental materials generated during EM field operations wdl be contamenzed as they 

are generated in 55-gallon gray drums until assmated samples are characterized Enwronmental 

hqmds urlll be moved to holding tanks located at the main decontamination facility (see SOP FO 12, 

Decontammation Facility Operations) The use of field monitors, including an OVD and radiation 
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morutor, for the detection of volatde organics and radionuclides is discussed in SOPS F08,  

Handl~ng of D d h g  Fluids and Cuttings, FO 15, Use of Photoioniung Detectors and Flame Ionivng 

Detectors, and FO 16, Field Radiologcal Instruments 

The types of contamination whch may be encountered wthin potentially contammated work areas 

d u d e  the followng 

0 Low-level raloactively contaminated substances 

a Nonradioactive RCFW-regulated hazardous (hazardous) substances 
0 Mlxed (low-level radioactive and hazardous substances) 

Regardless of the work area charactemtion, all purge and development water wll be placed m the 

hquid holdmg tanks at the main decontamination faality In the field, the purge and development 

water wdl be temporanly stored in 55-galloq open top, gray drums or appropriately slzed 

containers Lquid containers wll be marked wth the words “NONPOTABLE PENDING 

ANALYSIS” as described in SOP FO10, Receiwng, Labeling, and Handling Enwronmental 

Matenals Containers Field personnel should decant the enwronmental liquids from one drum (or 

contamer) to another (or from a trough to a drum or transfer container) pnor to movlng If the 

amount of sludge or sedsment wthin the enwonmental liquids 1s substantial The residual sediment 

wdl be drummed as solid enwonmental matenals (see SOP FO 8, HandLng of Drilling Fluids and 

Cuttings) Charactenzation wll be based on analytical results of the samples corresponding to the 

cuttmgs associated wth the dnll site 

The liquid containers wdl be moved to EG&G’s main decontamination facility by the subcontractor 

The decontamination facility wl1 have an area specifically designed for environmental liquid The 

enwronmental liquids area includes a process for separating solids from the liquids The 

subcontractor wll empty the entire container’s contents into thls enwronmental liquids area (See 

SOP FO 12, Decontamination Facility Operations, for details pertaining to the environmental liquids 

area ) 

(4011 REV)(FOSREV 1)(07/02/91) 
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7.0 

8.0 

8.1 

The liquid containers wl1 be decontaminated between each use If gray drums are used, pertinent 

dormation regarding the use of gray drums wll be documented on the Drum Field Log Form 

(Form FO lOA, see Section 8 0 - Documentation) 
- 

The drums containing residual sediment will be brought to the drum transfer area at the main 

decontammation facihty and transferred to the custody of EG&G Waste Operations personnel 

Enwonmental liquid containers wll be decontaminated between each use 

DECONTAMINATION 

Eqmpment used for the development of a monitoring well located wthin a potentialIy contaminated 

work area wdl be decontaminated according to SOP F 0 3 ,  General Equipment Decontamination 

If p h v e  readmgs above background were detected during field monitoring wthin not potentially 

contaminated work areas, equipment wll be decontaminated according to SOP F03 

In not potentially contaminated work areas, where no verified detections were encountered during 

field momtonng, the equipment used wll be power sprayed and rinsed 

Decontamination and wash water wll be disposed according to SOP F07, Handling of 

Decontamination Water and Wash Water 

DOCUMENTATION 

DRUM FIELD LOG FORM 

A Drum Field Log Form (Form FOlOA) wll be kept on each gray drum used to move 

enwronmental liquids The Drum Field Log Form wll be used as a "cradle to grave" record The 

followng information wdl be documented on the form 

(4011 REV)(FDSREV 1)(07/02/91) 
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e Drum ID Number 

e Date of ssuance 

e Location in field 

e Contents 

e Fill date 

e 

e Date returned to EG&G 
Date of decontammation and location 

Entries made on the Drum Field Log Form may be supported wth entries in a field logbook 
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2.0 PURPOSE AND SCOPE 

The waste generated from Enwonmental Management (EM) field actiwties wdl be handled 111 

accordance wth the Rocky Flats Plant (RFP) waste management program This standard operating 

procedure (SOP) describes procedures that wll be used by subcontractors at RFP to handle waste 

personal protective equipment (PPE) These procedures are intended to be suffiuently detaded so that 

conformance wth them wll result in reliable handling and management of PPE used during EM field 

act ivlt ies 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

Personnel using light or heavy qwpment, suenbfic monitoring dew-, or operatmg company vehicles 

must have appropriate traintng or licenses 

The subcontractor's site manager IS responsible for coordmating the removal and transfer of all wastes 

from the project work area 

The subcontractor IS responsible for drumming PPE suspected of c o n t m g  radloactwe and/or 

hazardous substances Drums contsunmg PPE wdl be transferred to the custody of EG&G Waste 

Operations personnel only after the drum contents have been charactermd Charactemtion wll be 
based on analytical results of the samples correspondmg to the cuttmgs m a t e d  wth the M1 site 

It 1s the subcontractor's site manager's responsibility to report as soon as possible to the EG&G project 

manager or a designated EG&G representative any damage mcurred to a drum Types of damage 

include holes, damage to the lid seal, or any other problem that may compromise drum mtegrity 

Damaged drums must have their contents transferred to an undamaged drum or be overpacked 

The subcontractor's site manager wll assign personnel to conduct monthly inspections of all the drums 

issued to the subcontractor until relinquished to EG&G These inspections wll ensure that drum 

mtegrity is maintained 

(4011 REV)(FO6REV 1)(0&10-91) 
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EG&G’s Radiation Protechon Techntaans (RPTs) or RPT designated representatives are responsible 

for conducting radiation screenine of equipment, samples, and personnel before they leave potentially 

contammated work areas 

EG&G’s Waste Operations personnel are responsible for the collection, movement, storage, treatment, 

and dlsposal of solid wastes from the drum transfer area 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The followmg IS a bt of references reviewed pnor to the wntig of t h s  procedure 

A cmme ndium of Suwrfu nd field ODC rations Metho& EPA/54O/p-87/001 December 1987. 

Rockwell International Poliats Rockv Flats Plant. Use a nd Color Codine of Drum$ RFPM MAT 20- 
005 November 3,1989 

4.2 INTERNAL REFERENCES 

Related SOPS cross-referenced by thrs SOP are as follows- 

* SOP FO 10, Receivmg, Labeling, and Handling Waste Contamers 

SOP FO 2, Field Documentation 

SOP FO 8, Handling of Drilling Fluids and Cuttings 

SOP FO 12, Decontamination Faality Operations 

SOP FO 15, Use of Photoionmng Detectors and Flame I o m g  Detectors 

SOP FO 16, Field Radiologd Measurements 0 

(4011 REv)(F06RRI 1)(061091) 
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5 0  EQUIPMENT 

The folloHnng items wll be required during most operations that generate potentially contammated PPE 

Appropriate 55-gallon drums as described in SOP FO 10, Receiwng, Labelmg, and 

Handling Waste Containers 

Paint stick for marking drums 

Tools for opening and sealing open-top 55-gallon drums wth a clamp-type sealtng 

band 

Pallets or other method of ensuring that drums do not rest on the ground surface 

Opaque, weather-proof sheeting 

Plastic/nylon bandng to secure plastic sheetmg on the drums 

Large plastic garbage bags 

6.0 PROCEDURES FOR HANDLING OF PERSONAL PROTECTIVE EQUIPMENT 

Each project work area wll be characterized by EG&G pnor to any field actmty Work area 

charactenzations w11 be based on the historical background of the work area and mclude the chemical 

results of prewous soil and groundwater analyses and the results of field radiolopal surveys conducted 

by EG&G RPTs or RPT designated representatives Work areas assmated wth the EM program field 

operations fall into two characterizations. potentially contammated and a potentially contarnmated 

Work areas currently characterlzed as potentially contaminated mclude the followmg 

(4011 REv)(po6REv I)(OblWl) 
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0 Indindual Hazardous Substance Sites (IHSSs) 

0 Identlfied Groundwater Plume Areas 

Americium Zone at OU No 2 0 

0 Surface water and sediment samphng stations that have not been verlfied as 

background locations 

Other potentially contaminated work areas where groundwater plumes have been identified wdI be 

specdied in the applicable work plans, as appropriate SOP FO 10, Receivmg, Labeling, and Handhng 

Waste Containers, lists the IHSS work areas at RFP and illustrates the identified groundwater plume 

areas and the amcnaum area at OU No 2 It also l ~ t s  the surface water and sedtment stations that 

have been venfied as background stations as of December 1990 Other surface and sedtment samphg 

statrons wdl be added to thB llst as they become venfied as background stations Unless speclfcd 111 

the mdindual project work plans, all other work areas wdl be consldered potentially contammated 

PPE generated dunng EM field operabons wdl be handled dependmg on the work area charadenzabon 

and the results of field monitonng performed dunng intrusive actinties The use of field monitors for 

the detection of volatile organics and low-level radloactwely contaminated substances IS d~~~ussed 111 SOP 
FOlS, Use of Photoionnation Detectors and Flame Ionnation Detectors, and SOP F0.16, Field 

Radiolopal Instruments 

The subcontractor’s site manager IS responstble for mplementing waste management procedures 

estabkhed by thls SOP and procedures referenced in thls SOP 

These duties include 

0 Consulting wth the EG&G EM project manager to resolve any questions concerning 

the charactermtion of a work area 

0 Arrangmg for the pickup of gray drums 

(4011 REV)(Fo6REv 1)(0&10.91) 
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0 Ensuring that potentially contaminated PPE 1s not commingled m a drum wth solid 

wastes 

0 Ensuring all documentation and drum marlungs are completed properly and that a 

"cradle-to-grave" system of drum tracking is maintained (see SOP FO 10, Receivmg, 

Labehng, and Handlmg Waste Contamers) 

0 Conducting monthly mspections of all drums mued to the subcontractor 

0 Arrangmg for the transfer of drums to EG&G 

6.1 PERSONAL PROTECTIVE EQUIPMENT 0 
PPE IS generally defined as dothmg or equipment requwed to be worn by the site-spec& Health and 

Safety Plan (HSP) m order to limit worker's wcposure to physical, chemical or radlologml health 

hazards Any questions regarding whether a gwen item 1s considered to be PPE for the purposes of 

waste dlsposal should be duected to the slte safety officer 

Potentdly contaminated PPE 1s any PPE used m a work area charactenzed as potentrally contammated 

or PPE used m a work area c h a r a c t e d  as not contaminated but where a vcdied positwe readmg was 

encountered on either the OVD or field radiation monitor during intrusive actiwhes 

In general, the site-s@ic HSP wll desctrbe the PPE to be worn, as well as methods of 

decontammatmg disposable and reusable PPE, such as respuators In general, garbage cans wth plastic 

hers  are prescribed for use in the personal decontamination line to contam discarded PPE Ths SOP 
provides procedures for handling and disposing of dsposable PPE 

(4011 REv)(Fo6REv 1)(0610-91) 
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6.2 HANDLING OF PPE IN WORK AREAS CHARACTERIZED AS POTENTIALLY 

CONTAMINATED 

I 

62 1 Temporary Sampling Sites 

PPE used at temporary sampling sites m work areas characterized as potentially contaminated wdl be 

considered potentially contaminated Workers wll establish a personal decontaminahon hne in 

accordance wth the site-specific HSP and wll place their PPE in containers while going through the 

decontamination line 

' 0  
The followmg procedures wdl be used to handle potentrally contaminated PPE from contamers used m 

a personal decontamination lme 

If respiratory protection was requned d m g  the field actiwty, the last person through 

the decontamination h e  will contmue to wear the respwatory proteaon untd removal 

is indicated in these procedures 

The last person wll process through the decontammation hne just as the precedmg 

workers 

After all PPE items have been removed and placed in the waste contamer, the 

container can be processed 

The last worker wll don a fresh pair of gloves before handlmg the plastic bags 

containing PPE at the last decontamination station He wdl then remove the plastic 

bags containing the discarded PPE from the container, compress the bags in a 

downwnd direction, seal the compressed bags wth duct tape, and return the bags to 

the container from which they were taken 

(4011 l Eqp6mw 1)(061091) 
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0 

0 

0 

0 

While still wearing the respirator and the fresh pair of gloves, the worker wdl remove 

the sealed plastic bags contamng PPE from the contamers along the decontamlnation 

line 

Where possible, the indimdual bags of PPE wl1 be combined in a single plastic bag, 

sealed wth duct tape, and marked wth a waterproof marker If it IS not possible to 

combine indimdual bags into a single bag, each indimdual bag wll be sealed and 

marked 

Marking for plastic bags wll include the characters "PPE"; the I D  number of the 

waste drum in which it wll be stored, the assoaated well, boring, or sampling number 

and location, and the date. 

The waste bags will be placed m a designated 55-galloa drum m accordance wllth SOP 

F0.10, Recen~g, Labclmg, and Handlmg Waste Contamers 

In no instance wll an unmarked bag be placed m a drum 

The respirator may be removed after all PPE waste bags have been placed in 

appropnate drums. The respirator cartndges and gloves wdl also be removed and 

placed inside an appropriate drum 

Partially filled drums wdl be marked and taken to the temporary stagmg area at the 

drum transfer area 

Filled drums wl1 be taken to the drum transfer area 

For temporary sampling sites wthin an IHSS, the drum stagmg area wll be centrally 

located wthin the unit 

(4011 REV)(FO6RWJ)(O&1041) 
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Fixed Sample Sites for Site-Wide Programs 

Procedures described in Subsection 6 2 1 for PPE removal, baggmg, and markmg dl be followed to 

handle potentially contaminated PPE used in work areas characterzed as potentially contaminated 

Procedures for stagmg the bags of potentially contaminated PPE are as follows 

a Seal and mark bags of PPE and place bags in a gray drum at the drill site until 

characterzed 

a Drums wll be filled to a minimum capaaty of 90 percent pnor to movlng to the 

transfer area 

0 The bags of PPE wll be placed in the appropriate colored 55-gdon drum and labeled 

accordrng to SOP FO 10, Receiving, Labclmg, and Handllng Waste Containers 

HANDLING OF PPE IN WORK AREAS CHARACTERIZED As NOT POTENTIALLY 

CONTAMINATED 

PPE wll be considered uncontammated if it was used in a work area c h a r a c t e d  as not potenbally 

contaminated and field monitonng did not indicate the presence of potential contarmnation 

Dsposable PPE wll normally be handled as ordinary waste Disposable PPE and uncontaminated 

mlscellaneous solid wastes wll be placed in garbage cans lined wth plastic bags at the work area 

Marlung is not required for bags of uncontaminated disposable PPE or bags of uncontaminated 

miscellaneous solid wastes When full, these plastic bags wlll be transferred to EG&G's custody at 

designated locations wthin the subcontractor's work areas 

The procedures for handling potentially contaminated PPE wll be followed if either verified positive 

field organic vapor monitoring or field radiation detection monitoring indicate potential contamination 

(4011 REV)(F06REV 1)(061&91) 
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7 0 DOCUMENTATION 

A permanent record of the implementation of this SOP wdl be kept by documenting field observations 

and data Observations and data wll be recorded on drum field log forms It is important to annotate 

on the drum field log form &I of the sample locations and sample numbers of the activities for which 

these PPE were worn This information should be included in the space for intervals on the drum field 

log form Subcontracting personnel may also choose to document the observations and data in a 

personal field notebook In addition to the field log forms If a field book is used, entries should be 

made wth a black waterproof ink pen The field notebook should be waterproofed and have 

consecutively numbered pages 

It s recommended that the subcontractor bring duplicate copies of the completed Drum Field Log Form 
when transfemng custody of waste drums to EG&G personnel Both copies should be slgned by the 

receiving EG&G representative EG&G Waste Operations wdl retam one signed copy and the 

subcontractor wdl retain the second signed copy in the project files 

Addihonal guidance on completing documentation for the drums IS found in SOP FO 10, Receiwg, 

Labehg, and Handling Waste Containers. 

Drum field log forms wll be prepared for each drum contaming PPE Partial drums wdl be transferred 

to the drum stagmg area until they can be filled and transferred at the drum transfer area to EG&G 

Drum field log forms wll be kept in the subcontractor’s project files until the project IS completed All 

project tiles wll be turned over to EG&G at this time (see SOP FO 2, Field Documentation) 

Contaminant Characterization Forms wdl be used for the characterization of PPE that has been 

temporardy stored in gray drums until analytical results are received Upon receipt of the sample results 

for all the samples taken while the PPE was worn and therefore associated wth the contents of a drum, 

the subcontractor wll submit the drum identification portion of the form along wth the analytical results 

to the EG&G project manager for characterization 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) desmbes procedures that w11 be used by subcontractors 

at Rocky Flats to handle decontamination water and wash water used dunng Enwronmental 

Management (EM) field actiwties 

3 0 RESPONSIBILITIES AND QUALIFICATIONS 

Personnel u m g  hght or heavy equpment, suentific momtonng dewces, or operatmg company 

vehcles must have appropnate tramng and/or hcenses 

The subcontractor's slte manager is respomble for coordmatmg the removal and transfer of all sohd 

enwonmental matenals from the project work area 

The subcontractor IS also responslble for momg enwonmental hquds to holdmg tanks located at 

the central EG&G decontammahon fadity 

It IS the subcontractor's slte manager's responslbhty to report as soon as possible to the EG&G 

project manager or a designated EG&G representahve any damage mcurred to a drum Types of 

damage mclude holes, damage to the hd seal, or any other problem that may c o r n p r o w  drum 
integnty Damaged drums must have them contents transferred to an undamaged drum 

The subcontractor's site manager wdl asslgn personnel to conduct weekly u~~pections of all the 

drums lssued to the subcontractor untd relmquhed to EG&G. These inspections wll ensure that 

drum mtegrity 1s mamtamed 

EGBrG's Radahon Protection Techniaans (RPTs) or RPT designated representatives are 

responsible for conduchng radation screemngs of equpment, samples, and personnel before they 

leave the work area 
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EG&G’s Waste Operahons personnel are responsible for the collection, transport, and storage of 

solid envlronmental matenals from the drum transfer area and envlronmental hquids at the man 

decontamination facility 

4 0  REFERENCES 

4.1 SOURCE REFERENCES 

The followng IS a Lst of references rewewed prior to the writing of thls procedure 

EG&G Use and Color Coding of Drums Poliaes Rocky Flats Plant RFPM MAT 20-005 

November 3, 1989 

Enwonmental Protection Agency (EPA) A Compendium of SuDerfund Field Operations Methods 

EPA/540/FW7/001 December 1987 

RCRA Faalitv Investigation Guidance Intenm Final May 1989 

4 3  INTERNAL REFERENCES 

Related SOPS cross-referenced I.II this SOP are as follows 

0 SOP F 0 3 ,  General Equipment Decontamination 

SOP FO 4, Heavy Equipment Decontamination 

SOP FO 8, Handling of Drilling Fluids and Cuttings 

0 

0 

0 SOP FO 10, Receivmg, Labeling, and Handling Enwonmental Materials 

Containers 
0 SOP FO 12, Decontamination Facility Operations 

SOP FO 18, Use of Photoionivng Detectors and Flame Ionizing Detectors 0 

(4011 REV)(FO7REV 1)(07/02/91) 
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0 SOP FO 16, Field Radiologd Measurements 

5.0 EQUIPMENT 

The mmmum equipment needed to handle decontamination water or wash water are the followng 

0 Truck or trader wth enclosed sides for movlng liqwd waste contamers 
0 Personal splash protection equipment 

0 Pump (hand or penstahc) 

Gray drums or other hquid waste contamers 
0 Drum h a n h g  eqwpment (If drums are used) 

6.0 WORK AREA CHARACTERIZATIONS 

Each project work area wdl be charactend by EG&G pnor to any field achwty Work area 

characternaboxis vnll be based on the hstoncal background of the work area and include the 

chemical results of prevlous sod and groundwater analyses and the results of field ra&ologd 

surveys conducted by EG&G RPTs or RPT desgnated representahves Work areas assoCiated wth 

the EM program field operahons fall mto two charactemahons potenhally contammated and 

potenbally contammated Work areas currently c h a r a c t e d  as potentially contammated d u d e  

the followmg 

0 Indmdual Hazardous Substance Sites (IHSs) 
0 Identlfied Groundwater Plume Areas 

0 Ameriaum Zone at OU No 2 

0 Surface water and sedment samphg stahons w h c h  have not been verlfied as 

background locations 

(4011 REV)(FO7REV 1)(07/01/91) 
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See SOP FO 10, Receivmg, Labelmg, and Handling Envlronmental Materials Contamers for speafic 

work areas currently characterued as potenhally contammated 

The types of contammahon that may be encountered wthm potentially contammated work areas 

d u d e  the followmg. 

Low-level radioactively contammated substances 

Nonramoactive RCRA regulated hazardous (hazardous) substances 

Mmed (low-level radaoactwe and hazardous substances) 

6.1 HANDLING OF DECONTAMINATION WATER AND WASH WATER 

Decontammabon water IS soapy or clear water used for cleamng and m m g  eqwpment, personnel, 

samples, or vehcles used in work areas charactenzed as potentdly contammated or m not 

potentrally contaaunated work areas, where vedied positive detections above background were 

encountered dumg field monitomg The water used to clean equipment used during dnlling 

actnntres, regardIess of the work area charactemahon, wdl be considered decontammation water 

Wash water 1s soapy or clear water used to clean eqwpment, personnel, samples, or vehcles used 

at work areas c h a r a c t e d  as not potentdy contammated where no venfed posihve readmgs above 

background were detected dutrng field monitomg. 

If a work area IS characterized as not potenhally contammated but vedied results from field 

momtonng mdcate the presence of prewously unsuspected contammated substances, the water used 

for cleanmg equipment, personnel, samples, and vehicles 1s considered decontamination water 



HANDLING OF DECONTAMINATION WATER AND WASH WATER 

EG&G ROCKY FLATS PLANT Manual: 5-21200-OPS 
EMAD MANUAL OPERATION SOP Procedure No. F0.7, Rev. 1 

Page: 6of8 
Effectwe Date: June 10,1991 

Category 2 Organization* Environmental Management 

6.1.1 Handling of Decontamination Water 

Decontamination water wll be contained by the subcontractor in gray 55-gallon drums or liquid 

contamers The drums d be taken by the subcontractor to the m a n  EG&G decontamination 

fachty The decontaminabon fadty wl1 have an area specifically designed for enwonmental liquids 

dBposal (see SOP FO.12, Decontamination Faality Operations for detads pertaining to the 

enwonmental liquids area) The subcontractor wll empty the entire drum’s contents into this area 

Other consderations to ensure the proper handling of decontammation water are 

0 Due to hgh phosphate levels, Alconox d not be used kqlunox or a phosphate- 

free equivalent d be used. 

0 Decontammabon water used by subcontractmg personnel must be replaced at least 

oncc dady regardless of the contamination level Replacement may be requrred 

more than once a day, dependmg on field condihons (1 e ,  heavy mud or organic 

or radloactivt contammants) 

0 Use gray, 55-gdon, open top (removable top) drums or enwonmental hqulds 

contamers appropnately sued for the task to move decontammation water 

0 Liquld contamer hds wll be secured and contamers d be moved m trucks wth 

enclosed sides 

Mark the hquid contamers used for momg enwonmental hquids wth the words 

“NONPOTABLE PENDING ANALYSIS” as described m SOP FO 10, Receivmg, 

Labelmg, and Handlmg Envuonmental Matenals Containers 

(4011 REV)(F(y7REv 1)(07/01/9l) 
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0 Document the use of gray drums for movlng enwonmental hqwds on the Drum 

Field Log Form (Form FO lOA, see Section 8 0 - Documentation ) 

0 Decontammate containers used to move enwonmental hquids after emptylng 

them (See SOP FO 3, General Equipment Decontamination ) 

0 No contamers wth holes, leaks, or bad seals wll be used for movlng 

decontamination water 

0 Proper "splash" protection must be used while handlmg fluids (see SOP F04,  

Heavy Eqwpment Decontammabon ) 

6.12 Handling of Wash Water 

For surface water field advlbes 111 areas c h a r a c t e d  as background stabons (unmntammated) (see 

SOP FO 10, Receivmg, Labelmg, and Handhng Enwonmental Matenals Contamers), wash water 

and rinse water wdl be &posed of on the ground at least 50 feet from the sampltng locabon such 

that the waste water cannot M a r g e  mto any stream, pond, or other surface water unpoundment 

Wash water used to dean eqwpment, personnel, or vehdes durmg surface sod samplmg or 

groundwater samphg in work areas charactenzed as not potenbally contammated where no venfied 

p b v e  readmg were detected on field momtors wll be &posed of approxlmately 50 feet from the 

samplmg locabon The &pod locabon must be at least 200 feet from any stream dramage 

7.0 DECONTAMINATION 

Decontammation of equipment used to handle and move decontamination water wll be done in 

accordance wth SOP FO 4, Heavy Eqwpment Decontamination and SOP FO 3, General Eqwpment 

Decontamination, and wl1 be done between work areas so as not to promote cross-contamination 
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of work areas Equipment and containers used for handhng wash water vnll be power sprayed and 

rmsed 

8 0 DOCUMENTATION 

8.1 DRUM FIELD LQG FORM 

If gray drums are used for momg enwonmental hquids, a Drum Field Log Form (Form FO 1OA) 

wdl be filled out in order to mamtain a "cradle to grave" record Information on the Field Drum 

Log Form mcludes 

Drum ID number 

0 Date of mue 

0 Location m field 

0 Contents 

0 Fill date 

0 Date of decontamination and area location 
0 Date returned to EG&G 

Any damage incurred to a drum either dunng shipping or handling wll be reported to an EG&G 

representative as soon as possible for immediate correction 

Entries made on the Drum Field Log Form may be supported wth entries in a field logbook 

(4011 RCV)(FO7REV 1)(07/02/91) 
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2 0  

3.0 

PURPOSE AND SCOPE 

% standard operating procedure (SOP) wl1 be used at the Rocky Flats Plant (RFP) to describe the 

proper methods to control, contain, and handle drilhng fluids and cuttings 

Thls SOP descnbcs the handhg of drdl cuttings and drllling fluids and the use of organic vapor 

detectors (Oms) and radiologd screening for field monitoring 

RESPONSIBILITIES AND QUALIFICATIONS 

Personnel using hght or heavy equipment, saentific monitonng devices, or operating company vehcles 

must have appropnate trrunmg and/or licenses 

The subcontractor’s ate manager 1s respomble for the proper handling of all materials generated dunng 

dnllmg activlties 

The subcontractor 1s responsible for drumming dd l  cuttmgs Drums contaming dnll cuthngs wll be 

transferred to the custody of EG&G Waste Operatrow only after the drums’ contents have been 

charactenzed and the drurns have passed inspection Charactemtion wdl be based on analytical results 

of the samples corresponding to the cutting assmated wth the drums’ contents and the EG&G 

Hazardous Waste Requirements Manual (HWRM). 

The subcontractor 1s also responsible for mowng enwronmental liquids assouated wth EM drilling 

actiwties to holding tanks Iocated at the main EG&G decontamination facility 

It is the subcontractor’s site manager’s responsibility to report as soon as possible to the EG&G project 

manager or a designated EG&G representative any damage mcurred to a drum Types of damage 

include holes, damage to the lid seal, or any other problem that may compromise drum integrity 

Damaged drums wd1 have their contents transferred to an undamaged drum 

(4011 REV)(PO(IREV 1)(07/01/91 3.3251111) 
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The subcontractor’s site manager w11 asstgn personnel to conduct weekly inspections of all the drums 

issued to the subcontractor untd the drums are relinquished to the custody of EG&G Waste Operations 

These inspections wll ensure that drum integnty IS maintained 

EG&G’s Radiation Protection Technicians (RPTs) or RPT designated representatives are responsible 

for conductmg radiation screenings of equipment, samples, and personnel before they leave potentially 

contaminated work areas 

EG&G’s Waste Operations personnel are respowble for the collection, transport, and storage, of solid 

enwonmental materials from the drum transfer area and enwronmental liquids from the 

decontamination facility 

0 4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The followng 1s a list of references revlewed pnor to the writing of this procedure 

EG&G Hazardous Waste Reauirements Manual GIWR MI June 1991 

EG&G On-Site Transportation Manual 1991 

EG&G Policies Rockv Flats Plant. Use and Color Coding of Drums RWM MAT 20-005 November 

3,1989 

Enwronmental Protection Agency (EPA) A ComDendium of SuDerfund Field Operations Methods 

EPA/540/P-87/001 December 1987 

(4011 REV)(FOSREV 1)(07/01/91 132pm) 
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Hall, Ridgway M Jr , Tom Watson, Jeffrey J Dawdson, Dawd R Case, Nancy S Bryson RCRA 

Hazardous Wastes Handbook 6th Edtion Government Inshtutes, Inc. RoJrvllle, MD March 1986 

Nahonal Institute for Occupational Safety and Health (NIOSH), Occupational Safety and Health 

Administration (OSHA), U S Coast Guard (USCG), and U S Enwonmental Protection Agency (EPA) 

QccuDahonal Safe9 and Health Guidance Manual for Hazardous Waste Site Actimtiq October 1985 

4.2 INTERNAL REFERENCES 

Related SOPS cross-referenced in thls SOP are as follows 

0 SOP F0.3, General Equipment Decontamination 
b SOP FO 4, Heavy Equipment Decontammation 

SOP FO.5, Handhg of Purge and Development Water 

SOP FO 6, Handhng of Personal Protective Eqwpment 

SOP FO 7, Handhng of Decontaminabon Water and Wash Water 

SOP FO 9, Handling of Restdual Core and Laboratory Samples 

SOP FO 10, Receimg, Labehng, and Handlmg Enwonmental Matenals Contamers 

SOP FO 12, Decontamination Faulity Operations 

SOP FO 15, Use of Photoionmng Detectors and Flame Ionlvng Detectors 

SOP FO 16, Field Radiologd Measurements 

SOP GT 2, Drilling and Sampling Using HollowStem Auger Techniques 

5 0  EQUIPMENT 

The followng items wl1 be required during most field operations that generate drilling fluids and 

cuttlngs 

b Gray, 55-gallon drums, Type 17C 

(4011-REV)(F08RW 1)(Ql/Oli9l 431pm) 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Rigd liner for drums 

Shovels and scoops wth nonporous surfaces to facilitate decontammation 

Paint stick for marking drums 

Organic vapor detector (OVD) 

Field radiation monitor 

Drum bung wrench 

Tools for opening and sealing open-top 55-gallon drums wth a clamp-type sealing band 

Pallets 

Opaque weather-proof sheeting 

Hand pressumd sprayer 

Desiccant 

If dnlling muds are used, a seamless container (such as a molded plastic type) wl1 be 
used for decanting fluids from residual sediments 

Personal Protective Equipment (PPE) as speufied in the Site-Speafic Health and 

Safety Plan 

A heavy equipment forklift or truck equipped wth a drum grappler and capable of 

hfting a 55-gallon drum containing solid or liquid materials 

CONTAMINANT CHARACTERIZATION 

Each project work area wll be characterlzed by EG&G prior to any field actiwty Work area 

charactemahom wll be based on the hlstoncal background of the work area and include the chemical 

results of previous soil and groundwater analyses and the results of field radiologcal surveys conducted 

by EG&G RPTs or RPT designated representatives Work areas associated wth the EM program 
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field operations fall into two characterizations 

contammated Work areas currently characterzed as potentially contaminated include the followng 

potenhally contaminated and not potentially 

0 Indiwdual Hazardous Substance Sites (IHSSs) 
0 Identified Groundwater Plume Areas 

0 Americium Zone at OU No 2 

0 Surface water and sediment sampling stations that have not been verified as 

background locations I 

A htmg and locator map of all known Indiwdual Hazardous Substance Sites (IHSS) has been included 

m Appendur FO 1OA of SOP FO 10, Receivmg, Labeling, and Handling Enwronmental Materials 

Contamers 

Drdl cuttmgs generated dunng EM field operations wll be handled by containerrvng them in 55-gallon 

gray drums as they are generated Enwronmental hqwds generated during EM field operations wll be 

c o n t a m e d  in 55-gallon, gray, closed top drums or appropriately sized containers The liquid 

contamers WIII be moved to the enwonmental liquids area at the main decontamination faality 

The use of field monitors for the detection of volatile organics and radionuclides IS discussed in SOP 

FOB, Use of Photoionmng Detectors and Flame Ioninng Detectors, and SOP FO16, Fieid 

Radiologml Measurements and their use is defined in the Health and Safety Plan (HSP) 

The types of contamination that may be encountered wthin potentially contaminated work areas include 

the followng 

0 Low-level radioactively contaminated substances 

Nonradioacbve RCRA-regulated hazardous (hazardous) substances 

Muted (low-level radioactive and hazardous substances) 0 

-.-/ (4011 REV)(FOBREV I)(C17/02pl W p m )  
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6.1 PREDRILLING PROCEDURES 

Prednlling procedures wl1 be conducted prior to hlling a well or boring regardless of the work area 

characterization Predrilling procedures include the followng 

s Subcontractmg personnel wll conduct a radiologd screening (see SOP FO 16, Field 

Radiologd Measurements) of the ground surface prior to any drilling actiwty 

s The surface soil around the staked boring or well location wll be wetted wth distilled 

water from a hand-pressurized spray bottle The wetting wll be suftiaent to preclude 

dust generahon dunng the soil removal process 

s The subcontractor personnel wd use a shovel to remove a depth of approxlrnately 20 

cm of sod from an arc of suffaent slze to allow for approxlrnately 2 inches of 

clearance on each side of the auger. The wet soil wdl be spread over the ground near 

the drillmg site Drilling actiwties may now begin The shovel wll be decontaminated 

between work areas 

6.2 DRILLING PROCEDURES 

The auger wll be positioned approxlrnately in the center of the 20-an-deep excavation to been drilling 

As cuttings are generated, they wdl be wetted wth distilled water from a hand-pressurized sprayer and 

placed on the ground 

An OVD and a field radiation monitor wll be used to screen core or cuttings to determine if hazardous 

or radioactive substances are present so that the proper PPE is selected in order to comply wth the 

HSP In work areas requmng a ra&ologcal work permit and an Integrated Work Control Form wth 

an appropriate work package, an EG&G RFT or RPT designated representative wl1 be contacted to 

radologdly monitor the equipment and PPE at the end of each day's drilling actiwties The 
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equipment and PPE wll be handled per SOP FO 4, Heavy Equipment Decontamination and SOP FO 6, 

Handhg of Personal Protective Eqmpment 

63 FIELD MONITORING 

OVD and field radiologcal screenings wdl be conducted by the subcontractor wl..m each work area for 

all mtrusive activlties to ensure the safety and to determine the proper PPE to be worn by all workers 

The OVD and field radiologcal monitors wdl be used as described in SOP FO 15, Use of Photoioniung 

Detectors and Flame Ioninng Detectors, and FO 16, Field Radiologrcal Measurements For the 

purposes of thls SOP, the follovmg procedures apply 

0 Pnor to the start of work, measure the organic vapor and radioactive background level 

on the upwnd side of the actiwty area Record the results on Form F O M ,  

Verification of Organic Vapor Monitonng, Form FO 1- Results of Radiological 

Momtoring m the Field, and in the logbook. 

0 Monitor the borehole for organic vdpors and radiologcal contaminants where the 

intwve work IS occurring The results of monitoring shall be recorded as described 

in the site-speafic HSP. When hollow-stem augers are being used, monitor inslde the 

auger each time the drive head is removed When solid-stem augers are being used, 

monitor the cuttings at ground level each time the auger is stopped 

0 Single OVD or field radiological measurements greater than the background 

measurement may indicate the presence of hazardous or radioactive substances and 

must be verified as described in Subsection 6 3 1 

0 When an OVD or field radiological measurement above background IS detected, all 

intrusive work wdl stop until the verification procedures are complete 
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63.1 Vended Positive Readings 

The followmg verification procedures wll be used after detecting an inihal OVD or radiologmd 

measurement greater than the background measurement The verification process wll be recorded on 

Form FO 8A, Verification of Organic Vapor Monitoring Results, and Form FO 16A, Results of 

Ra&olopcal Monitoring in the Field 

. For an OVD readmg above background, turn off any diesel- or gasoline-driven engines 

operating wthin the vicinity of the work area since most OVDs wdl detect mcomplete 

combustion by-products 

Remove the instrument (OVD or field ra&ologd) from the work area and make an 

upwnd measurement of ambient organic vapor levels or radioactivity, as appropriate 

That measurement wll be followed by a remeasurement at the same location where 

the posltive measurement was recorded 

If the remeasurement IS not above background, repeat the preceding actions for a thud 

measurement and record the results 

If any two of the three measurements (including the origmal measurement) indicate 

organic vapor levels or radioactiwty greater than the background level, the origmal 

measurement has been verified. 

(4011 REV)(FOSREV 1)(07/0lpl 3.3zpm) 
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6.4 

6.4.1 

6.43 

INVESTIGATIVE MATERIALS 

Handling Dnll Cutbngs 

Dnll cuttings wl1 be contained in gray drums w t h  a liner (See SOP FO 10 Receiwng, Labeling, and 

Handhg Enwonmental Materials Containers, Section 6 3 2) regardless of the work area 

charactemtion Pnor to the filling of the drum, two liters of desiccant wl1 be placed in the bottom 

of the drum and two additional liters wll be put into the drum when the drum has been filled half full 

Cuttings wll be placed in the drum until the drum IS full After filling, these gray drums wl1 be sealed, 

locked, marked, and placed on a pallet at the ddlhng site After the laboratory analytical results of the 

enwonmental samples have been received and assessed by EG&G, Waste Operations wdl proceed wth 

the dlsposihon of the drums. If the drum’s contents are determined to be uncontaminated, the contents 

WU be dnposed of in the landfill I f  the drum’s contents are determined to contain hazardous 

substances, muted substances, or radioactwe substances, the drums wll be painted the appropnate color 

correspondmg to the charactenzation of the drum’s contents, labeled appropriately (See SOP FO 10, 

Recennng, Labeling, and Handling Enwonmental Materials Containers), and stored by EG&G Waste 

Operations according to the proper SOPS contained in the HWRM and the On-Site Transporation 

Manual 

Handling Drilling Fluids 

If ddmg flwds are to be used, the entire pumping system wll be checked for leaks before the pumping 

system IS taken to the work area Checking wll consist of assembling the system and pumping potable 

quahty water through it If a leakage in the hose connections or elsewhere is detected, it will be 

repaxed before being used 

If a dnhng fluid system being used at a drill site develops a significant leak that wll result in the 

potential contamination of the surficial soils, the system will be shut down and repaired within the work 

area, rf feasible If repairs are not feasible wthin the work area, the drill rig wll be removed from the 
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work area and decontaminated before it is repaired (see SOP F 0 4 ,  Heavy Equipment 

Decontammation) 

Drilling fluids wll be contained in %-gallon, gray, closed top drums or appropriately sized containers 

Field personnel should decant the enwronrnental liquids from one drum (or container) to another (or 

from a trough to a drum or container) prior to mowng d the amount of sediment wthin the 

enwronmental liquids is substantial The residual sediments will be placed in gray drums according to 

Section 6 4 1 of this SOP The environmental liquid containers will be moved to the enwronmental 

liquids area at the main decontamination facility (See SOP FO 12, Decontamination Facility Operations 

for detzuls pertaining to the enwonmental liquids area ) Enwonmental liquid containers wll be marked 

and moved as described in SOP FO 10, Receiwng, Labeling, and Handling Enwronmental Materials 

Contamers The liquid containers wll be emptied by the subcontractor into the decanting tanks at the 

decontamination faality 

7.0 DOCUMENTATION 

A permanent record of the implementation of t..is SOP wil be kept by documenting fie d C  bservat ions 

and data Form FO 8A, Verification of Organic Vapor Monitoring Results and Form FO 8B, Record 

of D&ng Fluids and Cuttmgs are prowded to assist in the documentation of the field monitoring. 

Results of the field radiolopcal monitoring wl1 be documented in accordance with SOP FO 16, Field 

Ra&ological Measurements 

Additionally, drums s u e d  to a subcontractor by EG&G wll have an associated Drum Field Log Form 

(FO 1OA) and a Contaminant Characterization Form (FO 1OC) as discussed in SOP FO 10, Receiwng, 

Labeling, and Handling Enwronrnental Materials Containers 

(4011 REV)(FOBREVIXU7/02/91 2Wpm) 
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RECORD O F  DRILLING FLUIDS AND CUTTINGS 

Date of Actiwties 

1 Personnel Assigned to task that generated the wastes 

Field Tedm Leader 

Name Assimment Emdover 

Driller 

Driller's Helper 

Geologist 

Health and Safety Tech 

Other - Speafy 

2 Identlfication of site task was accomphhed at 

e 3 Contamrnant classes assumed to be present (check as appropnate) 

low-level radomtopes Hazardous Uncontaminated Area 
hgh-level radlomtopes MHed 

4 Unantiupated contamrnant classes found 

No Yes (check as appropnate) 

low-level ra&oisotopes Hazardous 
hgh-level radiotsotopes Mured 

5 Highest enwonment monitoring results 

Orgamc vapors ( v a w  - (units) (instrument used) 

Radioisotopes (value) (units) (instrument used) 

Completed by 
Pnnt Name Date Signature 

Subcontractor 

(4011 REV) (FOFORM.8) (07-01 91) (3 23pm) 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT 0 Form FO.8A 

VERIFICATION OF ORGANIC VAPOR MONITORING RESULTS 

1 Date Work Area 

2 Check Histoncal Contaminant Classdications 

Radiologd Hazardous Mmed 

3 Prework/Background Organic Vapor Monitoring Results 

(numeric value) (mts, le PPm) Instrument Used 

4 Venfication Measurements 

Initial measurement above background 

Background check 

F i i  vedication measurement 

Background check 

Second vedication measurement 

5 If either of the verificatton measurements are above the preceding background measurement the initial 
measurement has been verified 

Indmdual completmg thls form 
Prmt Name Signature Date Subcontractor 

a (4011-REV) (FOPORMS) (0741-91) (3 ppm) 
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2.0 PURPOSE AND SCOPE 

Tlus standard operating procedure (SOP) describes the waste management procedures to be 

implemented at the Rocky Flats Plant (RFP) for the handling of residual laboratory sod samples, 

and the documentation necessary to be m compliance wth the RFP Waste Management Program 

Ths SOP 1s mtended to be suffiuently detailed so that conformance wdl result m rehble handlmg 

of residual laboratory soil samples 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

3.1 SUBCONTRACTORS 

The subcontractor's project manager dl be responsible for assigmng project staff to mplement this 

SOP and for ensunng that the procedures are followed by all subcontractor personnel 

The assigned onsite sampling manager d have a minimum of a two year college Sclence degree 

and report to an assigned chemlst. The sampling manager be responsible for all mrdmation 

and reqwed documentation as speafied in thls SOP betwecn the subcontractor, EG&G, and the 

laboratory 

Personnel using light or heavy equipment, suentific monitonng dewces, or operating company 

vehcles must have appropnate training or licensees 

3.2 LABORATORY 

The laboratory wll be responsible for contacting the subcontractor that oripally submitted the 

samples pnor to shipping any rwldual lab soil samples The laboratory wdl also be reqmed to 

provlde all documentation, as specified m ths SOP, to the subcontractor and ship all laboratory 

restdual sod samples m accordan= wth all apphcable Department of Transportatton (DOT) regulattons 

(4011 REV)(FopREV l)(Wm91) 
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33  EG&G 

The EG&G project manager has the overall responslbhty for implementmg this SOP EG&G wdl 

be responsible for approwng all Residual Lab Soil Characteruation (RLSC) forms and final 

dlsposition of all residual laboratory sods 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The followng 1s a 1st of references rewewed prior to ~t wntmg of ths procedure 

A ComDend ium of Superfund Field 0% . rations Methods EPA/540/P-87/001 December 1987 

RCRA Faality Investiption Guidance. Intenm Fmal May 1989 

4.2 INTERNAL REFERENCES 

Related SOPS cross-referend in th1s SOP are as follows 

a SOP FO 10, Receivmg, Labelmg, and Handlmg Waste Contamers 

SOP FO 12, Decontamination Faality Operations a 

5.0 PROCEDURE FOR THE HANDLING OF RESIDUAL SAMPLES 

Residual laboratory soil samples conslst of excess soils collected at RFP that were not used by the 

chemical laboratory for analyses and are being returned to RFP 

(4011 REV)(F09REV 1)(0&07-91) 



HANDLING OF RESIDUAL SAMPLES 

5-21200-OPS EG&G ROCKY FLATS PLANT Manual: 
EMAD MANUAL OPERATION SOP Procedure No.: F09, Rev. 1 

Page: 40f7 
Effective Date June 10,1991 

Category 2 Organuation: Environmental Management 

The followng procedures are guidelines to be followed by the subcontractor for the proper chemical 

charactermtion, movement, storage, and contatnment of residual laboratory sods being returned to 

RFP by EG&G’s contracted chemical laboratories 

5.1 RECEMNG RESIDUAL LABORATORY SAMPLES 

Chemical laboratones requesting to return residual soil samples wll first contact the subcontractor 

that ongmally submitted the soil samples to the laboratory The subcontractor wll require all 

documentabon spedied m this SOP The laboratory wll prowde the subcontractor wth the 

followmg notification of shipment 

0 Sample identification hst of resldual sods to be returned to RFP 

Method of shipment (i e ,  couner) 

Expected date and tune of dehvery 

Total number of indimdual sample containers 

0 

0 

0 Number of shipping contamers 

0 

5.2 CHARACTERIZING RESIDUAL LABORATORY SAMPLES 

Once the subcontractor rectivtS all required mformation from the laboratory, the subcontractor wdl 

access the Rocky Flats Data Management System (RFDMS) for the &dated chemical results of 

the assouated sod sample The subcontractor wll categome each soil as radioactwe, hazardous 

(nonradioachve RCRA-regulated hazardous substances), or non-hazardous based upon the chemical 

results The chemical categonzation wdl be performed by the subcontractor’s assigned sample 

manager and chemlst All chemical categorizations performed by subcontractmg personnel wll be 

based on validated chemical results of the assmated soil sample obtamed dumg field samphng 

actiwties 

(rOll-REV)(fCWREV 1)(060791) 
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Followng the subcontractor’s chemical categoruation of each residual soli sample to be returned 

to EG&G, the subcontractor wll complete a Residual Lab Soil Charactemtion (RLSC) Form 

(Form FO9A) This form wll identify the name of the subcontractor, the chemical laboratory 

requesting the return shipment, the date of request, and the RLSC identification (I D ) number 

(sample I D ) Included on this form wll be the subcontractor’s chemical categormtion of each sod 

sample whch wll be identlfied as follows 

0 Uncontaminated 

Low-level radioactiwty contammated (RAD) 

0 Nonradioactive RCRA-regulated hazardous (hazardous) 

0 Mmd (RAD and hazardous) 

The subcontractor w d  also cross-reference the orignal Chain-of-Custody (COC) number to the 

resldual sod sample and record that COC number on the spaces prowded on the RLSC Form. 

The RLSC form(s) and assoaated chemical results d be submitted to EG&G for final 

characterization and approval of acceptance of the resldual laboratory soli samples Following 

EG&G‘s waste charactemtion and approval, the RLSC Form and assouated chemical analyses wdl 

be returned to the subcontractor The subcontractor wdl authonze the chemical laboratory to 

proceed wth the return shipment of the dmgnated residual laboratory soils to RFP 

53 RECEMNG SAMPLE SHIPMENTS 

The laboratory wll address the residual laboratory soils to the subcontractor at RFP The samples 

d be shipped m accordance wth all apphcable DOT sluppmg regulations The laboratory d l  also 

prowde duplicate copies of the assouated COC form(@ pertillmng the residual laboratory soils The 

duphcate copies of the COC forms are to be securely placed on the outside of the hpping 

container(s) and well protected from the weather 

(4011 REV)(FOPREV 1 ) ( W  91) 
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When the designated residual soil samples are received by EG&G's Shippmg and Receimg 

Department, the subcontractor d l  be notlfied of the shpment The subcontractor 4 move the 

unopened sample container(s) (coolers or packages) to the main decontamination facihty At the 

mam decontamination fadity, the subcontractor wd open the sample cooler(s) m accordance wth 

the Environmental Management's Project Health and Safety Plan The subcontractor wdl inspect 

the contents in each sample contamer, assess damage, and ensure that all mdwdud sample 

contamers are llsted on the accompanied COC form 

Samples identified on the COC by the subcontractor that cannot be accounted for wdl be hed-out, 

dated, and initialed on both COC copies This dscrepancy wll be documented on the COC forms 

and the laboratory wll be notified 

If containers are inventoned by the subcontractor dwng urspection and are not hted on the COC 

forms, the subcontractor wdl separate the non-ked sample contamer@) and contad the laboratory 

and EG&G for further guidance 

If a sample container is found to be broken, the sample manager wdl check the EG&G 

charactemtion of the contents of the contamer If the contents are charactenzed as 

uncontaminated, the sample wll be left in the shpment contamer If the sods wltlun the broken 

sample contamer are charactermd as RAD, hazardous, or mixed, the sample manager wdl contact 

the EG&G project manager for further guidance 

If the sample containers are undamaged, the subcontractor wll segregate each sample contamer 

based on the EG&G characterization of the sample Sample contamers havmg the same 

characternation wll be repackaged together Each new package w11 be labeled accordmg to the 

charactemation of samples Packages contaming samples character4 as RAD wll be labeled wth 

a 'Wute I" radioactive label Packages contaming samples c h a r a c t e d  as hazardous or mtxed wll 

be labeled wth a Department of Transportation (DOT) "Other Regulated Materials Class E" 

(ORM-E) sticker Additionally, packages contaming mured residual samples wll be marked wth 

(4011 R E V ) ( m E V  l)(W 91) 
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the word "RAD " (See SOP FO 10, Receiwng, Labeling, and Handling Waste Contamers for detds 

pertaming to the proper handling of waste contamers ) 

The subcontractor wll then place the repackaged samples at the drum transfer area at the m a n  

decontamination facility (see SOP FO 12, Decontamination Facility Operations) The subcontractor 

wdl have EG&G's Waste Operations personnel sign both copies of the COC forms Custody of the 

resldual soil samples IS now considered offaally transferred to EG&G 

The subcontractor wdl relinquish one copy of the COC form(s) to EG&G's Waste Operahons 

personnel The subcontractor wll retam the duplicate COC form(s) to complete the subcontractor's 

document package that wdl ensure that residual soils were appropnately handled and returned to 

RFP. 

5.4 DOCUMENT PACKAGE 

The subcontractors's document package for residual laboratory samples returned to EG&G's custody 

wdl contam the followng mformation for each shipment. 

0 An EG&G signed copy of the COC for+) 

A copy of the completed RLSC form@) and assoaated chemical analyses 0 

Laboratory notification of shipment 

Tbese document packages are to be filed m the subcontractor's project QA files and kept until 

requested by EG&G for permanent storage 

6.0 DOCUMENTATION 

Information requested by this SOP wll be documented on the RLSC (Form FO SA) form(s) and 

the COC(s) 

(4011 R@V)(FO9REV 1 ) ( W  91) 



U S  DEPARTMENT OF ENERGY ROCKY FLATS PLANT Form FO 9A 

RESIDUAL LAB SOIL CHARACTERIZATION FORM 
(RLSC) 

AlTACH CHEMICAL RESULTS OF ASSOCIATED SAMPLES 

THIS PORTION WILL BE COMPLETED BY THE SUBCONTRACTOR 
AND APPROVED BY EG&G 

Name of Subcontractor 

Name of Chemical Laboratory 

Date of Request . 

Are Assocrated Chemical Results Attached? (Y/N) 

Subcontractor's Signature 
Date 
Comments 

EG&G Project Manager . 
Residual Lab Sod Characternabon 

Sample 1.D Ongnal COC # Charactenzation 

Comments 

EG&G Approval Signature 
Date 

(4011 REV)(FC@REV 1)(0607 91) 
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2.0 PURPOSE AND SCOPE 

The environmental materials generated from Environmental Management (EM) field activities 

will be handled in accordance with the Rocky Flats Plant (RFP) waste management program 

This standard operating procedure (SOP) describes procedures that will be used by 

subcontractors at RFP to receive, mark, and handle environmental drums until they are 

returned to RFP’s representative, EG&G 

These procedures are intended to be sufficiently detailed so that conformance with them will 

result in reliable drum handling and management 

3.0 RESPONSIBILITIES AND QUALIFICATIONS a 
Personnel using light or heavy equipment, scientific monitoring devices, or operating company 

vehicles must have appropriate training and/or licenses 

The subcontractor’s site manager is responsible for the proper handling of all materials 

generated during drilling activities 

The subcontractor is responsible for drumming drill cuttings and other solid materials 

associated with environmental activities The transfer of drums to the custody of EG&G 

Waste Operations personnel shall occur once the drum’s contents have been characterized, the 

drum has been inspected, and space is available at the Waste Operations transfer/storage area 

The subcontractor is also responsible for moving environmental liquids associated with EM 

drilling activities to holding tanks located at the main EG&G decontamination facility 

It is the subcontractor’s site manager’s responsibility to report as soon as possible to the 

EG&G project manager or a designated EG&G representative any damage incurred to a drum 

Types of damage include holes, damage to the lid seal, or any other problem that may 

(4011 REV)(FOlOREV 1)(07/02/91) 
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4.0 

4.1 

compromise drum integrity 

undamaged drum 

Damaged drums will have their contents transferred to an 

The subcontractor’s site manager will assign personnel to conduct monthly inspections of the 

drums issued to the subcontractor until relinquished to the custody of EG&G These 

inspections will ensure that drum integrity is maintained 

EG&G’s Radiation Protection Technicians (RPTs) or RPT designated representatives are 

responsible for conducting radiation screenings of equipment, samples, and personnel before 

they leave potentially contaminated work areas 

EG&G’s Waste Operations personnel are responsible for the collection, transport, storage, 

treatment, and disposal of solid and liquid environmental materials from the drum transfer 

area at the main decontamination facility 

REFERENCES 

SOURCE REFERENCES 

The followng is a list of references reviewed prior to the writing of this procedure 

EG&G Hazardous Waste Reauirements Manual (HWRM) June 1991 

EG&G On-site Transnortation Manual 1991 

EG&G Policies Rockv Flats Plant. Use and Color Coding of Drums RFPM MAT 

20-005 November 3, 1989 

Environmental Protection Agency (EPA) A Compendium of SuDerfund Field 

ODerations Methods EPA/540/P-87/001 December 1987 

(401 1 REV)(FOIOREV 1)(07/02/91) 
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0 

4.2 

5.0 

Hall, Ridgway M J r ,  Tom Watson, Jeffrey J Davidson, David R Case, Nancy S 

Bryson RCRA Hazardous Wastes Handbook 6th Edition Government Institutes, 

Inc Rockville, MD March 1986 

National Institute for Occupational Safety and Health (NIOSH), Occupational Safety 

and Health Administration (OSHA), U S  Coast Guard (USCG), and U S  
Environmental Protection Agency (EPA) Occupational Safetv and Health Guidance 

Manual for Hazardous Waste Site Activities October 1985 

INTERNAL REFERENCES 

Related SOPS cross-referenced in this SOP are as follows 

EQUIPMENT 

SOP FO 3, General Equipment Decontamination 

SOP FO 5, Handling of Purge and Development Water 

SOP FO 6, Handling of Personal Protective Equipment 

SOP FO 7, Handling of Decontamination Water and Wash Water 

SOP FO 8, Handling of Drilling Fluids and Cuttings 

SOP FO 9, Handling of Residual Samples 

SOP FO 12, Decontamination Facility Operations 

SOP FO 15, Use of PIDs and FIDs 

SOP FO 16, Field Radiological Measurements 

Several types of equipment can be used to move drums too heavy to lift safely 

appropriate equipment includes 

A list of 

0 A drum grappler attached to a hydraulic excavator 

(4011 REV)(FOIOREV 1)(07/02/91) 
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6.0 

A small front-end loader, which can be either loaded manually or equipped 

with a bucket sling 

A rough terrain forklift 

A roller conveyor equipped with solid rollers 

Drum carts designed specifically for drum handling 

Miscellaneous sizes of wrenches, sockets, and socket ratchets for opening and 

sealing drums 

Wood pallets 

Plastic or nylon banding 

The drum grappler is the preferred equipment for handling heavy drums (NIOSH, et a1 ,1985) 

WORK AREA CHARACTERIZATIONS 

Each project work area will be characterized by EG&G prior to any field activity Work area 

characterizations will be based on the historical background of the work area and include the 

chemical results of previous soil and groundwater analyses and the results of field radiological 

surveys conducted by EG&G RPTs or RPT designated representatives Work areas associated 

with the EM program field operations fall into two characterizations potentially contaminated 

and not potentially contaminated Work areas currently characterized as potentially 

contaminated include the following 

0 Individual Hazardous Substance Sites (IHSSs) 
0 Identified Groundwater Plume Areas 

(4011 REV)(FOIOREV 1)(07/02/91) 
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0 

0 Americium Zone at OU No 2 

0 Surface water and sediment sampling stations that have not been verified as 

background locations 

Potentially contaminated work areas where groundwater plumes have been identified will be 

specified in the applicable work plans, as appropriate Table FO 10-A1 of Appendix FO 10A 

lists the IHSS work areas at RFP Figure FO lO-Al, of Appendix A, shows the locations of 

the RFP IHSSs Figure FO 10-1 illustrates the identified groundwater plume areas and the 

americium area at OU No 2 Table FO 10-1 lists the surface water and sediment stations 

(locations) that have been verified as background stations (uncontaminated) as of December, 

1990 Other surface and sediment sampling stations will be added to this list as they become 

verified as background stations Unless specified in the individual project work plans, all other 

work areas will be considered potentially contaminated 

Various types of enmronmental materials are generated during EM field operations Solid 

environmental materials for the purpose of EM waste management at the RFP include drill 

cuttings, sludge, surface soils, and disposable personal protective equipment (PPE) 

Environmental liquids generated during field activities include drilling fluids, decontamination 

and wash water, and residual groundwater and surface water samples 

The types of contamination that may be encountered within potentially contaminated work 

areas include the following 

0 Low-level radioactively contaminated substances 

b Nonradioactive RCRA-regulated hazardous (hazardous) substances 

Mixed (low-level radioactive and hazardous substances) 

The use of field monitors for the detection of volatile organics and radionuclides is discussed 

in SOPS FO 8, Handling of Drilling Fluids and Cuttings, FO 15, Use of Photoionizing 

Detectors and Flame Ionizing Detectors, and FO 16, Field Radiological Measurements 0 
(4011 RM)(FOiOREV 1)(07/02/91) 
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Surface Water 
Station Number 

SW004 

sw005 

SWOM 
SW108 

SW007 

SW041 

SW080 

SW104 

SW107 
SW042 

TABLE FO 10-1 

BACKGROUND SURFACE WATER AND SEDIMENT STATIONS 

FOR 

ROCKY FLATS PLANT 

Dnn B.dyround Ocochcrnml Ch.nctcnmtton Report 
Rockq Flats Plant Golden Colondo 
rockwell\bkgdcbem\red 3. jbb 

Sediment 
Station Number Loca t i on 

SED 22 Rock Creek Drainage 

SED 20 Rock Creek Drainage 

SED 23 Rock Creek Drainage 

SED 21 Rock Creek Valley Wall 

SED 04 Tributary of Walnut Creek 

SED 17 

SED 18 

SED 19 

SED 16 Woman Creek Drainage 

SED 15 Offsite Gravel Pits 

Tributary of Woman Creek 

Tributary of Woman Creek (spring) 

Tributary of Woman Creek (spring) 

(4011 RM)(FOIOREV 1)(07/02/91) 



RECEIVING, LABELING, AND HANDLING ENVIRONMENTAL MATERIALS CONTAINERS 0 EG&G ROCKY FLATS PLANT Manu a I. 5-21200-OPS 
FO 10, Rev. 1 Procedure No 

Page- 10 of19 
Effective Date: June 10, 1991 

Category 2 Organization* Environmental Management 

EMAD MANUAL OPERATION SOP 

Enwronmental materials generated within work areas characterized as potentially 

contaminated and where no verified positive readings were detected on field monitors will be 

considered uncontaminated and handled as described in following SOPS 

e SOP FO 5, Handling of Purge and Development Water 

SOP F0.6, Handling of Personal Protective Equipment 

SOP FO 7, Handling of Decontamination Water and Wash Water 

SOP FO 8, Handling of Drilling Fluids and Cuttings 

SOP FO 9, Handling of Residual Samples 

e 

e 

0 

e 

7.0 DRUM RECEIVING, LABELING, AND HANDLING PROCEDURES 

7.1.1 

RECEMNG 

Environmental drums can be obtained by contacting the EG&G project manager The amount 

and type of drums required to perform the work should be specified by the subcontractor The 

EG&G project manager will direct the subcontractor to the appropriate drum distribution 

area An advance notice of two days is preferred 

Drum Color Codes 

EG&G has segregated drums into a color coding scheme for identification to ensure the 

proper management of waste (RFPM MAT 20-005) The color code identifies the suspected 

contaminant characterization of the materials within the drums The color scheme has been 

modified to specifically address EM operations EM drums are gray and contain only 

environmental materials pending analysis and characterization The types of EM drums are 

as follows 

Gray Drums 1 Gray, 55-gallon, open top (removable top) drums will 
be used for the temporary containment of 

(4011 REV)(FOlOREV 1)(07/02/91) 
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7.2 

7.2.1 

uncharacterized drill cuttings and PPE These 

environmental materials are awaiting the results of 

chemical analyses for contaminant characterization 

2 Gray, 55-gallon, closed top drums will be used for 

moving environmental liquids to the main EG&G 

decontamination facility and emptied 

Other closable transfer containers, appropriately sized for the volume of water generated by 

the tasked activity, may also be used for moving environmental liquids associated with drilling 

activities to the holding tanks at the central decontamination facility 

Uncontaminated disposable PPE and uncontaminated miscellaneous solid environmental 

materials will be placed in garbage cans lined with plastic bags at the work area When full, 

these plastic bags will be transferred to EG&G's custody at a designated transfer area 

MARKING 

The subcontractor will give a sequential number for each gray drum received A two-letter 

subcontractor ID will follow directly behind the drum ID number The letter ID will be chosen 

by the subcontractor For example, "1326WC" would identify Drum Number 1326 handled by 

Woodward-Clyde Additionally, an identifying marking will be associated with each drum A 

Drum Field Log Form (Form FO 10A, see Section 7 0-Documentation) will be used by the 

subcontractor to track each drum used for containing solid environmental materials unt i l  

returned to EG&G 

Environmental Liquids 

Environmental liquids generated within the following work areas will be characterized as 

potentially contaminated 
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Surface water and sediment sampling stations which have not been verified as 

background locations 

Work areas where drilling activities are being conducted 

These environmental liquids will be placed in  gray drums or appropriately sized liquid transfer 

containers and moved by the subcontractor’s personnel Field personnel should decant the 

environmental liquids from one drum (or container) to another (or from a trough to a drum 

or transfer container) if the amount of sludge and sediment within the environmental liquids 

is substantial The residual sediment will be contained in  gray drums as described in 

Subsection 6 3 2  The environmental liquids will then be brought to the central EG&G 

decontamination facility The decontamination facility will have an area specifically designed 

to receive environmental liquids The environmental liquids area will include a decanting 

process to remove residual sludges and sediments remaining within the liquid The 

subcontractor will empty the entire drum’s contents into this area The environmental liquids 

will be pumped from the decanting area to holding tanks When a liquid holding tank is full, 

an EG&G designated subcontractor will take a representative sample from the tank for volatile 

orgapic analysis (see SOP FO 12, Decontamination Facility Operations) Environmental 

liquids must be transported to the 374 evaporator or the granulated activated carbon (GAC) 

unit within 90 days 

0 

The following marking and handling procedures apply to any containers used for moving 

environmental liquids 

In addition to the ID number, the drums or liquid containers will be marked 

with the words ”NONPOTABLE PENDING ANALYSIS ” 

(4011 REV)(FOlOREV 1)(07/02/91) 
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the vicinity of sampling or field monitoring events to prevent cross- 

contamination of samples 

Identifying marks should be legible, approximately 5 inches high, and written 

on two (opposite) sides and on the top of the container 

An EG&G RPT or RPT designated representative will do a radiation screening 

test on the exterior of the container before the container leaves the work area 

If necessary, the exterior of the container will be decontaminated 

Environmental liquids container lids will be secured before the containers are 

moved Containers will be moved in trucks with enclosed sides and will not 

be stacked 

After the container's contents have been emptied, the subcontractor's 

personnel will decontaminate the container prior to any additional use (see 

SOP FO 3, General Equipment Decontamination) 

Empty gray drums may be stored by the subcontractor at a designated location 

in the work area Drums will be banded to prevent them from blowing away 

The subcontractor will designate personnel to inspect the integrity of the 

drums on a weekly basis Drums will be inspected for damage according to the 

Hazardous Waste Requirements Manual (HWRM) Types of damage include 

holes, damage to the lid seal, or any other problem that may compromise drum 

integrity The subcontractor will report as soon as possible to the EG&G 

project manager or a designated EG&G representative any damage incurred 

to a drum Damaged drums must have their contents transferred to an 

undamaged drum The results of this inspection will be documented on a 
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72.2 

Drum Inspection Form (Form FO 10B, see Section 7 0-Documentation), dated, 

and signed by the person performing the inspection 

Any containers used off site, such as decontamination and wash water 

containers, must meet DOT specifications for containers, markings, and 

labeling (see Subsection 6 3 2) 

For surface water field activities In areas characterized as background stations 

(uncontaminated), wash water and rinse water will be disposed of on the ground at least 50 

feet from the sampling location such that the waste water cannot discharge into any stream, 

pond, or other surface water impoundment 

Wash water used to clean equipment, personnel, or vehicles during surface soil sampling or 

groundwater sampling in work areas characterized as not potentially contaminated where no 

verified positive readings were detected on field monitors will be disposed of approximately 

50 feet from the sampling location The disposal location must be at least 200 feet from any 

stream drainage 

Temporary Containment of Solid Environmental Materials Pending Characterization 

Gray drums will be used for the temporary containment of solid environmental materials that 

are pending characterization including drill cuttings and PPE For drums that will contain 

drill cuttings, a liner will be placed in the drum and two liters of desiccant will be placed in  

the bottom of  the drum Two additional liters will be put into the drum when the drum has 

been filled half full Cuttings will be placed in the drum u n t i l  the drum IS ful l  After filling, 

gray drums will be sealed, marked, and placed on pallets Representative environmental 

samples from an associated well, boring, or sampling location will be sent to an off site 

laboratory for a full  suite of analytical results to characterize these environmental materials 

The drums will remain at the drilling site unt i l  a Waste Operations storage area is available 
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At the time Waste Operations notifies EM that space is available, the drums will be moved 

to the transfer/storage area to await assessment of the associated environmental samples 

The subcontractor will perform the following steps to ensure the proper handling of the gray 

drums until  transferred to EG&G custody 

0 In addition to the drum number, the drums will be marked with the words 

"ENVIRONMENTAL MATERIAL PENDING ASSESSMENT", the associated 

well, boring, or sampling number and location, the word "SOIL", or "PPE" (for 

disposable personnel protective equipment), as appropriate, the subsurface 

interval (if soil), and the date the drum was filled (Soils will not be 

commingled with miscellaneous environmental materials or PPE within a 

drum ) 

0 A paint stick (or indelible marker) should be used to apply identifying marks 

on drums to ensure that the marks will not be washed away during 

decontamination or precipitation A paint stick should not be applied in the 

vicinity of sampling or field monitoring events to prevent cross-contamination 

of samples 

0 Identifying marks should be legible, with characters approximately 5 inches 

high, and written on two (opposite) sides and on the top of the drum 

0 Gray drums will be placed on wood pallets at the drilling site 

0 The appropriate information will be documented on the Drum Field Log Form 

(Form FO 10A) 

0 Gray drums will be transferred to EG&G's custody at a designated 

pickup/transfer area only after the drum's contents have been characterlied 
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The drums should be placed on wood pallets at the pickup/transfer area to 

assist the transfer 

An EG&G RPT or RPT designated representative will do a radiation screening 

test on the exterior of the drum before the drum leaves the work area If  

necessary, the exterior of the drum will be decontaminated 

Drum lids will be secured and drums will be moved in trucks with enclosed 

sides 

A copy of the completed Drum Field Log Form (Form FO 10A) will be given 

to the receiving EG&G Waste Operations personnel (see Section 7 0  - 
Documentation) 

Drums will be decontaminated prior to any reuse, and the old markings should 

be spray-painted over and/or a new marking applied 

A drum number should never be painted over or changed 

When the validated chemical analyses from the environmental samples are received by EG&G, 

Waste Operations will be sent a summary of the results from the EG&G project manager If  

the drum's contents are determined to be uncontaminated, the contents will be disposed of in  

the landfill 

I f  the drums are determined to contain hazardous substances, mixed substdnces, or radioactive 

substances, the gray drums will be painted the appropriate color corresponding to the 

characterization of the drum's contents and labeled appropriately (See Section 7 3, Labeling, 

below) by EG&G Waste Operations 
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7.3 

8.0 

Field monitoring including OVDs and radiation detectors will be used during intrusive 

activities regardless of the work area classification SOP FO 8, Handling of Drilling Fluids and 

Cuttings describes the use of field monitors for intrusive activities as well as verifying positive 

readings 

LABELING 

Gray drums containing solid environmental materials that have been characterized as 

radioactive or mixed will be painted white If the drum's contents have been characterized as 

radioactive but not hazardous, the drum will be labeled with a "White I" radioactive label I f  

the drum's contents have been characterized as mixed, the drum will be labeled with an ORM- 

E label per HWRM and the On-site Transportation Manual requirements 

Gray drums containing solid environmental materials that have been characterized as 

hazardous only will be painted white on the ends and black in the center These drums will 

be labeled with an ORM-E sticker per HWRM and the On-site Transportation Manual 

requirements 

DOCUMENTATION 

A permanent record of  the implementation of this SOP will be kept by documenting field 

observations and data Observations and data will be recorded on drum field log forms 

Subcontracting personnel may also choose to document the observations and data in  a personal 

field notebook in addition to the field log forms If  a field book IS used, entries should be 

made with a black waterproof ink pen The field notebook should be waterproofed and have 

consecutively numbered pages 

It is recommended that the subcontractor bring duplicate copies of the completed Drum Field 

Log Form when transferring custody of waste drums to EG&G personnel Both copies should 
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8.1 

be signed by the receiving EG&G representative EG&G Waste Operations will retain one 

signed copy and the subcontractor will retain the second signed copy in the project files 

Drum forms will be kept in the subcontractor's project files until  the project is completed 

All project files will be turned over to EG&G dt this time (see SOP FO 2, Field 

Documentation) 

DRUM FIELD LOG FORMS 

A Drum Field Log Form will be kept on each drum by the subcontractor from the time of 

issuance until returned to an EG&G representative At a minimum, the forms will include the 

following 

0 

0 

0 

0 

0 

0 

The name of the subcontractor issued the drum 

The color of the drum 

The identification number with the subcontractor's ID 

The date the drum was issued 

The location of the field activity area 

The contents of the drum (include the subsurface interval if contents are soils 

from a well or boring) 

The date the drum was filled 

The date the drum was decontaminated or returned to EG&G (include the 

EG&G facility where the drum was returned to) 
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Form FO 10A is an example of the Drum Field Log Form to be used Drum log forms must 

be checked and updated immediately upon handling In addition to the drum marking, the 

Drum Field Log Form will identify the drum and provide a history of the drum All the field 

log forms combined will be used to track the movement of environmental materials generated 

during EM field operations 

8 2  

8.3 

8.4 

DRUM INSPECTION FORM 

The subcontractor is responsible for conducting monthly inspections of all the gray drums they 

have been issued until the drum is returned to EG&G Monthly inspections will ensure that 

the integrity of the drums is maintained The Drum Inspection Form (Form FO 10B) will be 

used to document these inspections 

CONTAMINANT CHARACTERIZATION FORM 

The Contaminant Characterization Form (Form FO 1OC) will be used for the characterization 

of materials that have been temporarily stored in gray drums until  analytical results are 

received Upon receipt of all the sample methods for each sample associated with the drum, 

the subcontractor wl l  submit the drum identification portion of the form along with the 

analytical results to the EG&G project manager The drum contents will be characterized by 

an EG&G representative based on the chemical analyses and returned to EG&G’s Waste 

Operations personnel 

COMPUTER LOG FORMS 

All information found on drum field log forms may be entered into a computer database by 

designated subcontractor personnel This will allow the immediate tracking of any 

environmental drum used by a subcontractor during EM field activities and will provide a 

backup to the field log forms 
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FORM FO 106 

DRUM INSPECTION FORM 

DRUM ID NUMBEWSUB ID 

INSPECTION DATE STATUS INSPECTOR’S SIGNATURE 
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U S. DEPARTMENT O F  ENERGY ROCKY FLATS PLANT FORM FO 1OC 

CONTAMINANT CHARACTERIZATION FORM 
FOR GRAY DRUMS PENDING CHARACTERIZATION a 

ATTACH CHEMICAL RESULTS OF ASSOCIATED SAMPLES 

THIS PORTION WILL BE COMPLETED BY SUBCONTRACTOR 
Name of the Subcontractor Issued the Drum 
The serialized Drum ID number with the 

The Date the Drum Was Taken to a Field Activity 
The Location of the Field Activity Area 
The Contents of the Drum 

Subcontractor’s ID 

(Subsurface Intervals, if Soils) 
(Bag #s, if PPE) 

The Date the Drum was Filled 
The Associated Well, Boring, or Sample location 
Matrix of Sample Analyzed 
Sample ID #s a . .. 
.. .. * . * ... . 

Intervals Sample was Taken From 

Date Submitted to EG&G for Characterization 
Subcontractor’s Representative Signature 

THIS PORTION WILL BE COMPLETED BY EG&G 
The Contaminant Characterization of the Drum’s Contents 
Signature of EG&G Representative Determining the 

Contaminant Characterization and Date Signed 
Date 

EG&G Holding Facility Where Drum Will be Stored 

Date and Time Form Returned to Waste Operations Date Time . 
(4OII-RW)(FOIOREV 1)(07/02/91) 
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APPENDIX A 

R E F  NO 

101 
102 
103 
104 
105 

106 
107 
108 
109 
110 

112 
113 
114 
115 
116 

TABLE A1 
ROCKY FLATS PLANT 

INDIVIDUAL HAZARDOUS SUBSTANCE SITES 

SITE NAME 

207 SOLAR EVAPORATION PONDS 
OIL SLUDGE PIT 
CHEMICAL BURIAL 
LIQUID DUMPING 
OUT-OF-SERVICE FUEL TANKS 
105 1 - WESTERNMOST TANK 
105 2 - EASTERNMOST TANK 
OUTFALL 
HILLSIDE OIL LEAK 
TRENCH T-1 
TRENCH T-2 
TRENCH T-3 
TRENCHES T-4 TO T-11 
111 1 TRENCH T-4 
111 2 TRENCH T-5 
111 3 TRENCH T-6 
111 4 TRENCH T-7 
111 5 TRENCH T-8 
111 6 TRENCH T-9 
1117 TRENCH T-10 
111 8 TRENCH T-11 
903 DRUM STORAGE AREA 
MOUND AREA 
PRESENT LANDFILL 
ORIGINAL LANDFILL 
MULTIPLE SOLVENT SPILLS 
116 1 WEST LOADING DOCK AREA 
116 2 SOUTH LOADING DOCK AREA 

Note This information is based on the administrative record including the information submitted in  

the hazardous and low-level mixed waste Part B application dated November 1, 1985, as modified by 
the subsequent revision dated November 28, 1986, as modified by the subsequent revision dated 
December 15, 1987, and the transuranic mixed waste Part B application submitted July 1, 1988, 
Thereafter referred to as the applications This information is also based on independent review of 
historical aerial photographs of the facility and independent review of facility submittals 
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117 

118 

119 

120 

121 
122 
123 

125 
126 

127 
128 
129 
130 
131 
132 
133 

134 
135 
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TABLE A I  (cont ) 

INDIVIDUAL HAZARDOUS SUBSTANCE SITES 

SITE NAME 

CHEMICAL STORAGE 
117 1 NORTH SITE 
117 2 MIDDLE SITE 
117 3 SOUTH SITE 
MULTIPLE SOLVENT SPILLS 
118 1 WEST OF BUILDING 731 
118 2 SOUTH END OF BUILDING 776 
MULTIPLE SOLVENT SPILLS 
119 1 WEST AREA 
119 2 EAST AREA 
FIBERGLASSING AREAS 
120 1 NORTH OF BUILDING 664 
120 2 WEST OF BUILDING 664 
ORIGINAL PROCESS WASTE LINES 
UNDERGROUND CONCRETE TANK 
VALVE VAULT 7 
123 1 VALVE VAULT 7 

HOLDING TANK 

126 1 WESTERNMOST TANK 
126 2 EASTERNMOST TANK 

4,000 GALLON TANK #67) 

OUT-OF-SERVICE PROCESS WASTE TANKS 

LOW-LEVEL RADIOACTIVE WASTE LEAK 
OIL BURN PIT NO. I 
OIL LEAK 
RADIOACTIVE SITE - 800 AREA SITE #1 
RADIOACTIVE SITE - 700 AREA SITE $1 
RADIOACTIVE SITE - 700 AREA SITE #4 
ASH PITS 
133 1 ASH PIT 1-1 
133 2 ASH PIT 1-2 
133 3 ASH PIT 1-3 
133 4 ASH PIT 1-4 
133 5 INCINERATOR 
133 6 CONCRETE WASH PAD 
LITHIUM METAL DESTRUCTION SITE 
COOLING TOWER BLOWDOWN 
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136 

137 
138 
139 

140 
141 
142 

141 
142 

143 
144 
145 
146 

147 

148 
149 

TABLE AI  (con1 ) 
INDIVIDUAL HAZARDOUS SUBSTANCE SITES 

SITE NAME 

COOLING TOWER PONDS 
136 1 
136 2 
136 3 S O F  BLDG 460, W OF BLDG 444 

NORTHEAST CORNER OF BUILDING 460 
WEST OF BUILDING 460 

COOLING TOWER BLOWDOWN - BLDG 
COOLING TOWER BLOWDOWN - BLDG 

774 
779 

CAUSTIC/ACID SPILLS 
139 1. HYDROXIDE TANK AREA 
139 2 HYDROFLUORIC ACID TANKS 
REACTIVE METAL DESTRUCTION SITE 
SLUDGE DISPERSAL 
RETENTION PONDS (A,B,C-SERIES) 
142 1 A-1 POND 
METAL DESTRUCTION SITE 

SLUDGE DISPERSAL 
RETENTION PONDS (A,B,C-SERIES) 
142.1 A-1 POND 
142 2 A-2 POND 
142 3- A-3 POND 
142 4. A-4 POND 
1425 B-1 POND 
142 6 B-2 POND 
142.7 B-3 POND 
142 8 B-4 POND 
1429 B-5 POND 
142 10 C-1 POND 
142 11 C-2 POND 
142 12 NEWLY IDENTIFIED A-5 POND 
OLD OUTFALL 
SEWER LINE BREAK 
SANITARY WASTE LINE LEAK 
CONCRETE PROCESS WASTE TANKS 
146 1 7,500 GALLON TANK (#31) 
146 2 7,500 GALLON TANK (432) 
146 3 7,500 GALLON TANK (*34W) 
146 4 7,500 GALLON TANK (#34E) 
146 5 3,750 GALLON TANK (*30) 
146 6 3,750 GALLON TANK (#33) 
PROCESS WASTE LEAKS 
147 1 MAAS AREA 
147 2 OWEN AREA 
WASTE SPILLS 
EFFLUENT PIPE 

(4011 REV)(FOIOREV 1)(07/02/91) Page A-3 of A-6 



- .  . 

bi 

I 

168 

REF. NO 

150 

151 
152 
153 
154 
155 
156 

157 

158 
159 
160 
161 
162 
163 

164 

165 
166 

167 

TABLE A1 (con[ ) 
INDIVIDUAL HAZARDOUS SUBSTANCE SITES 

SITE NAME 

RADIOACTIVE LIQUID LEAKS (8) 
150 1 NORTH OF BUILDING 771 
150 2 WEST OF BUILDING 771 
150 3 BETWEEN BUILDINGS 771 ant 774 
150 4 EAST OF BUILDING 750 
150 5 WEST OF BUILDING 707 
150 6 SOUTH OF BUILDING 779 
150 7 SOUTH OF BUILDING 776 
150 8 NORTHEAST OF BUILDING 770 
FUEL OIL LEAK 
FUEL OIL TANK 
OIL BURN PIT NO 2 
PALLET BURN SITE 
903 LIP AREA 
RADIOACTIVE SOIL BURIAL 
156 1- BUILDING 334 PARKING LOT 
156 2 SOIL DUMP AREA 
RADIOACTIVE SITE 
157 1 NORTH AREA 
157 2 SOUTH AREA 
RADIOACTIVE SITE - BLDG 551 
RADIOACTIVE SITE - BLDG 559 
RADIOACTIVE SITE - BLDG 444 PK LOT 
RADIOACTIVE SITE - BLDG 664 
RADIOACTIVE SITE - 700 AREA SITE #2 
RADIOACTIVE SITE - 700 AREA SITE #3 
163 1 WASH AREA 
163 2 BURIED SLAB 
RADIOACTIVE SITE - 800 AREA SITE #2 
164 1 CONCRETE SLAB 
164 2 BUILDING 886 SPILLS 
164 3 BUILDING 889 STORAGE PAD 
TRIANGLE AREA 
TRENCHES 
166 1 TRENCH A 
166 2 TRENCH B 
1663 TRENCH C 
SPRAY FIELDS - THREE SITES 
167 1 NORTH AREA 
167 2 POND AREA 
167 3 SOUTH AREA 
WEST SPRAY FIELD 
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TABLE A 1  (cont ) 
INDIVIDUAL HAZARDOUS SUBSTANCE SITES 

REF NO 

169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 

SITE N A M E  

WASTE DRUM PEROXIDE BURIAL 
P U & D STORAGE YARD - WASTE SPILLS 
SOLVENT BURNING GROUND 
CENTRAL AVENUE WASTE SPILL 

P U &D CONTAINER STORAGE FACILITIES (2) 
S&W BLDG 980 CONTAINER STORAGE FACILITY 
S&W CONTRACTOR STORAGE YARD 
BUILDING 885 DRUM STORAGE AREA 
BUILDING 881 DRUM STORAGE AREA 
BUILDING 865 DRUM STORAGE AREA 
BUILDING 883 DRUM STORAGE AREA 
BUILDING 334 CARGO CONTAINER AREA 
BUILDING 444/453 DRUM STORAGE AREA 
GAS DETOXIFICATION AREA 
BUILDING 991 STEAM CLEANING AREA 
SOLVENT SPILL 
VALVE VAULT 12 
ACID LEAKS (2) 
ACID LEAK 
MULTIPLE ACID SPILLS 
CAUSTIC LEAK 
HYDROGEN PEROXIDE SPILL 
ANTIFREEZE DISCHARGE 
STEAM CONDENSATE LEAK 
STEAM CONDENSATE LEAK 
NICKEL CARBONYL DISPOSAL 
WATER TREATMENT PLANT BACKWASH POND 
SCRAP METAL SITES 
VOCs IN GROUND WATER 
CONTAMINATION OF T H E  LAND SURFACE 
GREAT WESTERN RESERVOIR 
STANDLEY RESERVOIR 
MOWER RESERVOIR 
INACTIVE HAZARDOUS WASTE STORAGE AREA 
ORIGINAL URANIUM CHIP ROASTER 
BLDG 460 SUMP 43 ACID SIDE 

RADIOACTIVE SITE - 900 AREA 

INACTIVE D-836 HAZARDOUS WASTE TANK 
INACTIVE 444 ACID DUMPSTER 
INACTIVE 444/447 WASTE STORAGE AREA 
SURFACE DISTURBANCE SOUTHEAST OF BLDG 881 
UNIT 16, BUILDING 980 CARGO CONTAINER 



REF NO 

21 1 
2 12 
213 
214 

215 

216 

217 

TABLE AI (con[ ) 
INDIVIDUAL HAZARDOUS SUBSTANCE SITES 

SITE NAME 

UNIT 26, BUILDING 881 DRUM STORAGE 
UNIT 63, BUILDING 371 DRUM STORAGE 
UNIT 15,904 PAD PONDCRETE STORAGE 
UNIT 25,750 PAD PONDCRETE AND SALTCRETE STORAGE 

UNITS 55 13, 55 14, 55 15, 55 16 - 
TANKS T-40, T-66, T-67, T-68 
EAST SPRAY FIELDS 
216 1 NORTH AREA 
216 2 CENTER AREA 
216 3 SOUTH AREA 
UNIT 32, BUILDING 881, CN- BENCH SCALE TREATMENT 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the 

Rocky Flats Plant (RFP) to provide an orderly method by which field data will be 

recorded, entered into electronic form, validated, transferred, and filed This applies to 

field data generated by any field-related sampling activities performed for the Rocky Flats 

Environmental Management (EM) Program This procedure encompasses the data 

handling process from the point of data collection by field personnel to the filing and 

transmission of data to EG&G personnel 

This SOP describes hardware and software requirements, field data collection, data entry, 

data validation, data archivmg, and filing that wll be used for field data collection and 

documentation to attain acceptable standards of accuracy, precision, comparability, 

representativeness, and completeness 

3." RESPONSIBILITIES AND QUALIFICATIONS 

The designated subcontractor has the overall responsibility for implementing this SOP. 
The subcontractor's project manager will be responsible for assigning project staff to 

implement this SOP and for assuring that the procedures are followed by all subcontractor 

personnel 

The personnel responsible for maintaining the data in the data base shall have, at a 

minimum, a two-year degree in Computer Science or 4 years relevant experience, a 

working knowledge of DOS, data bases, Lotus 1-2-3, and personal computers If personnel 

are used who do not have this background, appropriate training will be prowded by the 

sub-contractor 

(4011 REV)(FO14REV l)(wOaSl) 
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4.0 

4.1 

A designated EG&G subcontractor shall be responsible for maintaining the custom 

designed RFEDS data base This subcontractor will also provide timely updates and fixes 

to the software Any program updates will be provided to all subcontractors who are 

required to use the RFEDS data base. 

REFERENCES 

SOURCE REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure 

A Compendium of Suberfund Field Operations Methods EPA/540/P-87/001 December 

1987 

Guidance for Conducting Remedial Investitrations and Feasibilitv Studies Under CERCLA 

Interim Final October 1988 

RCRA Facilitv Investitration Gu idance. (EPA). Interim Final May 1989 

Rocky Flats Plant Environmental Restoration Provram. Qualitv Control Plan Rockwell 

International January 1989 

The Environmental Survev Manual DOE/EH-0053 Volumes 1-4 August 1987 

Rockv Flats Environmental Data Svstem. Users Manual Rockwell InternatioNal June 

1990 
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I 4.2 INTERNAL REFERENCES 

Related SOPS cross-referenced in  this SOP are as follows 

i 
0 

I 
, 

I 
e 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

SOP FO 13, Containerizing, Preserving, Handling, and Shipping of Soil and Water 

Samples 

SOP GW 1, Water Level Measurements in Wells and Piezometers 

SOP GW 4, Collection of Tap Water Samples 

SOP GW 6, Groundwater Sampling 

SOP GW 8, Installation, Operation, and Sampling with Soil-Water Samplers 

SOP GT 1, Logging Alluvial and Bedrock Material 

SOP GT 2, Drilling and Sampling Using Hollow-Stem Auger Techniques 

SOP GT 4, Rotary Drilling and Rock Coring 

SOP GT 7, Logging of Test Pits and Trenches 

SOP GT 8, Surface Soil Sampling 

SOP G T  9, Soil Gas Sampling and Field Analysis 

SOP SW 4, Surface Water Discharge Measurements 

1 (4011 REV)(FOiIREV 1)(06-06-91) 
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5.0 PROCEDURES 

This procedure is based primarily on the Rocky Flats Environmental Data System User’s 

Manual and conversations held with representatives from EG&G 

5.1 HARDWARE AND SOFTWARE REQUIREMENTS 

The purpose of this section is to define the minimum computer system required for the 

entry and transfer of the field data to EG&G 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

80286 based micro computer 

1 parallel port 

5 1/4 high density disk drive or 3 1/2 high density disk drive 

40 MB hard-disk drive 

EGA or VGA monitor and compatible drive 

80-column printer 

4MB RAM memory 

Autocad - version 10.0 or higher 

Oracle database software - version 5 1C or higher 

Lotus 1-2-3 

DOS, version 3.31 or higher 

Maynstream 60 tape drive backup or equivalent 

These requirements may be changed, when necessary, by RFP to comply with their 

available data transfer needs RFP will inform all subcontractors of any necessary changes 

by way of a memo 

(4011 REV)(FOI4REV 1)(06-06-91) 
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5.2 FIELD DATA COUECTION 

All data collected from the field will be recorded on preprinted forms At a minimum, the 

sample number, site designation, and initials of the collector should be recorded on the 

form To the extent possible, the format of the form should be in the same order as the 

electronic form in the data base This should assist the field personnel in entering data 

into the data base with more efficiency and accuracy See Section 7 0 for samples of the 

field data forms 

53 DATA RECEIPT AND COMPLETENESS CHECK 

The purpose of the receipt and checking is to start the validation process by receiving and 

briefly rcviewng the data The preliminary validation should be conducted as soon as 

possible after receipt of the completed data forms. This task ensures that the forms are 

complete before entry into the data base 

0 The field data form should be delivered to the designated staff person by 

the field personnel by the end of each day of field operations 

0 The designated staff person receiving the form should initial and date the 

form upon receipt 

0 

(4011 REV)(FO14REV 1)(060691) 

Upon receipt, all forms should be checked for completeness The Site 

Supervisor should be consulted to verify that all of the field forms have 

been received At this time, any discrepancies should be discussed with 

the field personnel and clarified or completed immediately Any changes 

to the field forms will be initialed and dated by the person making the 

changes 
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0 The following forms should be included with the field data package 

Field data transmittal form 
- Appropriate field data forms, depending on the sampling activity 

5.4 TECHNICAL DATA VALIDATION 

When the data completeness has been verified, a technical validation should be performed 

on the data by a qualified validator. This person should be able to technically review the 

data to ensure that the data are consistent with known chemical and physical properties 

of the media being sampled For example, if the dissolved oxygen has a reading of 15, 

there is an indication of a problem since this is above the level of saturation The 

validator should check all calculations and reported units and all of the data on all of the 

forms. If the validator detects an error in the data report sheet, the validator must confer 

with the samples and the project manager prior to changng any information Any change 

made must be reflected in  the project manager's logbook 

55 DATAENTRY 

Once the field data have been reviewed and found to be complete, the data should be 

input to the Rocky Flats Environmental Data System (RFEDS) with the menu-driven data 

base program provlded by International Technology Since this SOP is not intended to be 

a user's manual, please refer to the Rocky Flats Project Data base User's Manual for 

specific questions regarding the use of the data base software 

(4011 RBV)(FOlPREV 1)(060691) 
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5.6 

5.6.1 

Field tracking information should also be entered at this time into the Lotus 1-2-3 form 

provided by EG&G This form unll track only a few pieces of data, including 

Sample number 

Sample location 

Bottle code and analyte 

Sampler's initials 

Date sampled 

Date shipped 

Lab 

Chain of custody number 

DATA VALIDATION 

This step ensures that the data recorded in the electronic data base are the same as the 

data recorded on the field data forms 

Field Data 

When all of the data for the day have been entered into the data base, the data should be 

printed using the report option of the data base program The reports should then be 

delivered along with the original field data forms to the designated data validation person 

Under no circumstance should the data validator be the same as the person who entered 

the data originally 

The original field data form and the printed report should be compared for accuracy If 

transcription errors are found, the errors should be highlighted on the printed report and 

returned to the data entry person for corrections A new copy of the report should be 

generated at this time and the old copy destroyed This process should be repeated until 

(4011 REV)(FOIIREV 1)(06-06-91) 
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the printed reports match the field data forms When the validation process is complete, 

the validator should initial and date both the original field forms and the printed report 

5.62 Tracking Data 

The next subtask is to enter the sample tracking information into the Lotus spreadsheet 

Always keep one copy of this Lotus form available in its original form This form should 

be used as a template and copied each week to a new file to be used that particular week 

When all of the appropriate data are entered into the Lotus tracking form, it should be 

printed and given to the person responsible for validating the data. This subtask should 

be done at the same time as the field data reports Under no circumstance should the 

data validator be the same as the person who entered the data originally 

When the validation process is complete, the printed form should be initialed and dated 

by the validator. 

5.7 DATA A R C H M N G  AND FILING 

Upon completion of the daily validation, a copy of field data reports should be made The 

initialed, dated reports should then be filed with the original field data forms A copy of 

the initialed and dated computer printed report will be sent to EG&G in the weekly data 

package 

At the end of each week, when all field data have been validated for the week, the data 

base should be archived by using the archive option The RFEDS program will make a 

copy of the electronic data on diskette This diskette is to be labeled with the type of data 

it contains e g soil boring data, well data, etc The tracking data should also have been 

(4011 REV)(FOl4REV 1)(060691) 



DATA BASE MANAGEMENT 

58 

6.0 

EG&G ROCKY FLATS PLANT Manual: 5-21200-OPS 
EMAD MANUAL OPERATION SOP Procedure No.: F0.14, Rev. 1 

Effective Date. June 10,1991 
Category 2 Organization. Environmental Management 

Page: 10 of 12 

validated at this point. A copy of the file containing the tracking data should also be made 

on diskette Be sure to use only 3'hinch double-sided, double-density diskettes for all 

disks to be sent to EG&G 

The original data diskette containing the data base data, the tracking data diskette, along 

wth all of the original data base reports and the field data transmittal forms should be 
hand-delivered to the designated EG&G representative A duplicate copy of these 

diskettes should be made at this time and filed with the original field data forms and the 

copies of the validated, initialed, and dated reports A paper copy of the tracking data is 

kept on file for quick reference 

The original data base data remains on the hard disk in an archived form until the next 

set of data is archived At this point, the new archive will OVERWRIW the old archive. 

This is the primary reason for copying the data to a diskette at the same time as the 

diskette is prepared for EG&G. The computer will be backed up weekly, using a tape 

drive 

SECURITY 

The computers will be kept in a secure location and locked when not in use The data 

base itself will utilize a password security system The passwords required shall be known 

only to the personnel who enter the data onsite, the onsite manager, and a representative 

of EG&G 
I 

DOCUMENTATION 

A permanent record of the implementation of this SOP will be kept by documenting field 

observations and data on field data forms, and validation observations in a data validation 

notebook Field observations and data will be recorded with black waterproof ink on field 

(4011 REV)(FOl4REV 1)(0606-91) 
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data forms Data validation observations wll be recorded with black waterproof ink in a 

bound observation notebook with consecutively numbered pages Documentation of the 

validation of the data base and the tracking data should be recorded and include the 

following data 

0 Date of validation 

0 Initials of the validator 

0 Date delivered to EG&G 

The task manager will be responsible for ensuring that this documentation is completed 

See Section 7 0, Forms for examples of the data forms 

7.0 FORMS 

The following data management forms are the current RFEDS requested field data as of 

February 1991 Data are collected in  compliance with the related SOP Each SOP will 

include a copy of the appropriate data forms Forms for the collection of soil and rock 

boring data have currently not been developed Those data base modules are currently in 

the process of completion 

The current RFEDS data base does not address all the parameters which are collected in 

the field These additional parameters are in the field data sampling forms included in the 

cross-referenced SOPS Additions to the RFEDS program can capture and maintain this 

data 

Included within this SOP are the following preliminary forms 

0 Form FO 14A Transmittal Form (RFEDS) 

(4011 REV)(F014REV l)(WOaSl) 
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Form FO 14B Groundwater Data Collection Form 

Form FO 14C Groundwater Level Measurement Data Collection Form 

Form FO 14D Sediment Data Collection Form 

Form FO 14E Surface Soil Data Collection Form 

a 

a 

Form FO 14F Sub-surface Soil Data Collection Form 

a Form FO 14G Surface Water Data Collection Form 

Form FO 14H Air Sampling Data Collection Form a 

(4011 REV)(F014REV I)(OaW91) 



US. DEPARTMENT OF ENERGY ROCKY FLATS PLANT 

ROCKY FIATS ENVIRONMENTAL DATA SYSTEM 
FIELD DATA TRANSMITTAL FORM 

FORM FO 14A 

Type of Form (&e& one) 

Sod Bormg ....................... . o  
RockBormg ....................... - 0  

Groundwater Samphg . . . . . . . . . . . . . . . .  0 

Surface Water Sampling . . . . . . . .  . . .  ... 0 

Sedment Sampling . . . . . . . .  0 

Sub-Surface Soil Sampling ................... 0 

Surface Soil Sampling ........................ 0 

Groundwater Lcvtl Measurements ................... 0 

Total Number of Forms Sampler (iitials) 

Sample # Locabon Code 

Computer Entry and Vahdation 

Data Entered by - 
Data Validation - 

T e h c a l  Validation - 

Dehery to EG&G 

Recewed by 



U S DEPARTMENT OF ENERGY ROCKY FLATS PLANT 

Groundwater Sampling Field Data Collection Form I '  
FORM F0.14B 

Sample Number 
Well Number 
Collection Date Quarter 
Collection Time . . . . . . . . . . . . . . . . . 
Type GW 

. . . . . 

Purpose . 
Collection Technique 
QC Type QC Partner 
Volume Collected Units 
Sample Team Leader 
Sample Team Member 
Sample Team Member 
Prepared By 

Purge Volume . 
Purge Rate 
Purging Method 
Depth to Water 

Units(gal/cu ft ) 
Units 

feet 

Field Analvtical Parameters 

Specific Conductance uS/cm PH 

Conductivity Temp uS/cm PH 
Conductivity Units eH 

Sample Temp Units eH mV 
Dissolved Oxygen mg/L Color 
Headspace Reading Odor 
Total Alkalinity mg/L Turbidity NTU 
Sample Filtered (Y/N) Nitrate mg/L 

(4011 REV)(FO14REV I)(OalO 91) 



US. DEPARTMENT OF ENERGY ROCKY FIATS PLANT 

GROUNDWATER LEVEL MEASUREMENT 
FIELD DATA COLLECI'ION FORM 

FORM FO 14C 

WELL 
NUMBER DATE 

DEFTXTO 
WATER 
0 

COMMENTS 
(UPTOMCHARS) 



US. DEPARTMEhT OF ENERGY ROCKY FLATS PLANT rORM FO 14D 

SEDIMENT FIELD DATA COLLEXTION FORM 

Sample No 
Collect~on Date Quarter. - 
Colle&onTune . 
Type . . .  - s D  purpose- 
Locabon Code ........... 
NorthorY ........... : Eastorx 

Sample h b o n . .  ....... : 
Composlte(Y/N) . . .  - 
Composite Description .... 
QCI)pe.  .. QC Partner 
Collect~onMethod ..... 
Sample Team Leader ..... : 
Sample Team Member ... : 
Volumecolleded . . . .  .: Units 
Prepared By ......... 
Sample Team Member ..... 

Deptb of Water ........ feet 
DepthofTake . . . .  ..: inches 
Comments 

Matrirc 
Request for Andy& No.: 

Chain of Custody No. 
Ship Date 

Test Panels Laboratory Preservative Due Date 

Adcttional Comments 

Signature of Observer Time Date 

(4011-1 14D)(6/10/91) 
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us. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM FO 14E 

SURFACE SOIL FIELD DATA COLLECI'ION FORM 

Sample No 
Collexbon Date Quarter - 
Collec%onTie. 

LocahonCode .. Type .... sn purpose-- 

NorthorY. . . .  .. Eastorx 

Sample h b o n  ........ : 
CompwteDescnpbon ... : 
QC'Qpe . QC Partner 
Cde&onMethod .. ..: 
SampleTcamLcader . .  .: 
SampleTeam Member . . : 
SampleTcamMember . .: 
Volume collected . * .  .. UllltS 

C o m p t e  (Ym f .. - 

PreparedBy . . .  f .  

Depth of Take ......... Start End 
feet feet 
feet feet 
feet feet 
feet feet 

Headspace Reading ..... : PPm 
Comments 

Mathc 
Request for Analysis No.: 
Chain of Custody No.: 

Ship Date: 

Test Panels Laboratory PrestrVativC Due Date 

Adchhonal Comments 

~~ 

Signature of Observer T i e  Date 

(~114%)(FORMl.l4E)(6/l0/9l) 



I "  

us DEPARTMEhT OF ENERGY ROCKY FLATS PLANT 

SUB-SURFACE SOIL FIELD DATA COLLECTION FORM 

FORM ro i 4 r  

Sample No . 1 1 .  

Collaon Date .. Quarter: - 
Colle&on Tune .. 
Type - . . . .  *.: SB purpose - 
Locabon Code 

North or Y . . . . . . .  : 
Sample k b o n  ....... 
Composite (Y/N) ....... : - 
Composite Dmpbon ... 
QCType. .. . . . . .  QC Partner 
Colleaon Method .... 
Sample Team Leader ...... 
Sample Team Member .... : 
SampleTeamMember . . : 
VolumeColleded . .... Uruts. 
Prepared By ........ : 

Eastorx 

Soil Type ........... : 
Depth of Take .......... : Start End 

feet feet 
feet feet 
feet feet 
fcct fcet 

HNUBackground . .  ..: PPm 
Reading ............... : 
OVABackground . . . . .  : 
Reading.. . . . . . . .  : 

PPm 
P P  
PPm 

Comments 

M a e  
Request for Analysis No : 

Ship Date. 
chain of custody No: 

Laboratory Preservative Due Date 

Addrtional Comments 

~ ~ 

Signature of Observer Tune. Date 
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US DEPARTMENT OF ENERGY ROCKY FLATS PLANT 

SURFACE WATER DATA COLI_;ECIION FORhl 

FORM FO 14G 

Sample No 
Collection Date 
Collection T i e  

Location Code 
Type 

Quarter - 

North or Y East orX 

Sampk Location 
Comporite (Y/N) 
Composrte Descnptlon 

Colkction Method 
Sample Team Leader 
Sample Team Member 
Sample Team Member 
Volume collected 
Prepared By 

QC ?).pe 

- 
-I_ 

QC Partner - -  

Stream Conditions 

Depth of Take feet Stream Width 
FlawRate . Total Depth 
Flow ZLte Method 

Type of Water Body D v  - - - 
field Analytical Parameters w mV Dlsrdvod Oxygen 
PH - DssoIvcd Oxygen Temp. 
s p r i  Conductance umbos/cm Qllonne 
Ar  Tempcnturc (F/C) C End point t 1  
Sample Unit Temperature (F/C)C End point 1 2  

Ed poult t 3  . . . . . . . 
Total Alkalinity 

Mat- 
Request for Analysrr No.. 

Ship Date. 
cham of custody No.. 

Test Panels bbontory PrcsclMtrvc Due Date 

Additmna1 Comments: 
~~~~ 

Signature of Observcr Time - Date 
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Environmental Management 

2.0 PURPOSE AND SCOPE 

Thrs standard operatmg procedure (SOP) IS part of the Rocky Flats Enwonmental Management 

(EM) Program Sampling Analysis Plan (SAP) The SAP includes the Quahty Assurance Project 

Plan (QAPjP) and SOPs, whch are program-wde documents that are not project-spedic. These 

program-wde documents have been renewed and approved by the Enwonmental Protection 

Agency (EPA) and the Colorado Department of Health (CDH) for EM actmbes at Rocky Flats 

Project-spec& requrrements are described m mdnndual project work plans that mclude a Field 

Samphg Plan (FSP) The FSP d d u d e  or reference the apphcable program SOPs 

Procedural detah not covered by the program-wde SOPs wdl be provlded m SOP addenda 

(SOPAs) In general, an SOPA wdl conform wth the o n p a l  SOP but wdl be project-spec& 

The SOPAS wll be an attachment to the FSP and must accompany the FSP and SOPs dung field 

operaborn 

The project-specltic SOP& d requred, WIU be prepared by the subcontractor deswted to 

prepare the work plans 

Over the penod of the last few years, it has become apparent that a standar- procedure IS 

needed for logg~ng allmal and bedrock m a t e d  Thu need has arisen because each 

subcontractor has shghtly Merent procedures and cntena for logslng borehole m a t e d  

Be-g m 1991, all subcontractors d use the procedures that are covered m t h ~ ~  SOP 

By applpg these techmques and procedures, it d be possrble to standardmi the loggmg of 

alluvlal and bedrock materials In addition, the number of errors and the amount of reloggrng 

wd be reduced This wdl allow htholog~c descrrptions to be compared from year to year and wdl 

enable the enwonmental management staff on the Rocky Flats Plant (RFP) ate to make 

mterpretations based on reliable data 
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On the RFP ate, "alluwal matenal" d u d e s  alluwum, colluwum, fill, and agronomic sods 

Samples of alluwum, colluwum, fill, and agronomic sods are to be classified and desmbed using 

the Udied Sod Classfiation System (U S C S ) and enhanced by Item 10 1 111 ASTM D2488, 

"Description and Identification of Soils (Vsual-Manual Procedure) " Bedrock material, regardless 

of the degree of weathermg, IS to be classltied and descllbed by usmg many of the procedures and 

techniques desmbed in Compton's "Manual of Field Geology" (1%2), wluch has been 

incorporated wth additional material in this SOP 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

The EG&G project manager has the overall responS%hty for mplementmg ths SOP The 

subcontractor's project manager wdl be responsible for assignmg pro]ect staff to mplement thu 

SOP and for ensumg that the procedures are followed by all subcontractor personnel. 

All personnel performing these procedures are requed to have the appropnate health and safety 

trammg as specdied in the ate-spec& Health & Safety Plan. In addhon, all personnel are 

requued to have a complete understandmg of the procedures d e s c n i  wthm thu SOP and 

recefve spedic traming regarding these procedures, d necessary 

Only quaMed personnel WIN be allowed to perform these procedures Requed quaMcahons 

vary dependmg on the actiwty to be performed In general, quahfkations are based on educahon, 

prewous expenence, on-the-job traumg, and supemon by quahfied personnel Personnel who 

log alluwal boreholes must study the RFP Alluvlal Reference Set that contains examples of all 15 
sample classficahons wthin the U S C S System Personnel who log bedrock boreholes must be 

quuied geologtsts or geologtc engmeers, who have received s p e d  permission to log bedrock 

holes All of the loggers must study the Core Reference Set that contains 15 representatwe 

samples of the stratigraphic section 111 the RFP area In addition they must also study the Alluwal 

Reference Set These reference sets are used as trmning guides to help ensure consistency among 
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losslag gm1opts The subcontractor's project manager document personnel quabficatIons 

related to thts procedure in the subcontractor's project Quahty Assurance (QA) tiles 

All project staff are responsible for reporting dewations from this SOP to the mdiwdual's project 

manager The subcontractor's project manager d report dewatrons and nonconformances to 

the EG&G project manager 

When field condmons rqwre  demtrons from the SOP or SOPA, a Procedural Dewatron Nmce 

(PDN) wdl be a u t h o d  by an EG&G EMAD l e g  supenmr An EG&G ER Department 

Admmktratrve Procedure outlines the PDN approval process 

REFERENCES 

SOURCE REFERENCES 

ASTM Method for Particle - Size Analysis of Soils. Soil and Rock Dimensions. Stone and Geo- 

synthetig Vol 0408 Sec. D422. 1989 

ASTM Pradce for DescnDbon and Idenhficatron o f Soils for Enninee nne Purwses Nuual- 

ne and Geo-Svnthetiq VOl. 0408 Sec. 

D2c188 1989 

Blatt, H , Middleton, G , Murray, R O n m  of Sedimentam Rockq Prentrce-Hall 1972 

Compton, Robert R Manual of Field Geo IQOY John Wdey & Sons, Inc 1%2 

Harlan, R L, Kolm, ICE, Gutentag, E D. Water-Well Design and Construct ion Development 

in Geotechnical Enpeering, #60 Elsewer 1989 

(4011 RBv)(GTlREV 1)(06/06/91) 
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Krumbein, W C , Pettijohn, FJ Manual of Sedimentary Petrogra& Appleton-Century-Crofts 

1966 

Unified Sod Classification System ADDendlx A Characteristics of Soil Groups Pertaining tQ 

Embankments and Foundations. AD-% ndlx B. Characte nstics of Soil GrouDs Pertimnn to Ro& 
and Airfields (U S ) Army Engsneer Waterways Experiment Station Vicksburg, MS 1960 

5.0 CLASSIFICATION/DESCRPTION 

5.1 UNIFIED SOIL CLASSIFICATION SYSTEM (US.CS) 

The U S C S  cldication system d be used at RFP The U S C S ,  as umd m ths SOP, ha 

been m d i e d  from the Army Corps of Engureers' Techrucal Memorandum No 3-357, "The 

Unified Sod Classification System" (1960) The hquid h i t ,  dilatancy, and dry strength are not 

included because they are neither practical to do in the field nor apphcable to hydrogeologx 

loggmg. A reprint of the US CS IS enclosed 111 Appendm GT .lA 

5.1.1 Basis of Classification 

The U S C S hlstoncally has been used to classtfy "sods" based on thew textural properhes, hqwd 

h i t ,  and organic content In the past the term "sod" has been used by engmeers as a catchall 

term that d u d e s  all unconsohdated matenal Because engmeers are concerned wth how the 

soil behaves as a construction matenal, thls all-mcluslve approach has served them qwte well 

However, 111 this SOP, the U S C S wdl be apphed only to alluwum, colluwum, fdl, and agronomic 

sods T ~ I S  has been done to separate unconsohdated cover matenal from bedrock that has well- 

defined sedimentologsc and depositional patterns, regardless of the degree to whch the bedrock 

has been weathered In the RFP area, it is more important to determine the possible paths of 

(401011 REV)(GTIREV 1)(06/07/9l) 
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5.12 

5 12.1 

groundwater movement based on geolwc processes than it IS to determme the engmeemg 

properhes of weathered bedrock based on its physical behavlor 

Texture 

Grain Size Sca le 

The U S C S has a gram slze scale that IS dwded mto four mam categories (1) cobbles, (2) 

gravel, (3) sand, and (4) fines The gravel, sand, and fmes are subdmded mto coarse and fine 

gravel; coarse., m d u m ,  and fine sand, and d t  and clay 

Table GT 1-1 IS a summary of the U S C S gram slze scale as well as the Wentworth, Atterberg, 

and US. Department of Apculture gram slze scales (Krumbern and Petojohn 1966, and 

Compton 1%2) 

Neither the US C S. nor the US Department of Agtrdture gram sue scales have a common 

base However, both the Wentworth and the Atterberg grain size scales are geometric scnes wth 

a base of 2 and 10, respectwely 

Fmally, it should be noted that the &won between sand and d t  vanes from scale to scale Ths 
makes it somewhat Wicult to compare the U S C S gram slze analyses wth analyses based on 

other scales Most geotehcal laboratones show only the U S C S grain sue ranges on the 

graph paper Figure GT 1-1 IS a m d i e d  graph that shows both the U S C S and Wentworth 

gram sue ranges ASTM D422, "Particle-Sue Analyss of Sods," should be used to perform the 

gram sue analyses but should be moddied to mclude a 230 sieve 

(4011 REV)(OPIREV 1)(06/06/91) 
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TABLE GT 1-1 
Gram Slze Scales (mheter[mm]) 

I 

I 
Comuonent - U S C S  Wentworth Atterberg u s .  h D t  A& 

>762 256-64 2oo-20 >80 

- 64-32' - - 

76.249 32-16. - - 
- 16-80 20-2' 80-2 

194 76 8 4 9  - - 

Cobbles 

VCGravcl 

c Gravel 

M Gravcl 

F Gravel 

I 4-2 Granule 

1 -  I =l V C  Srnd 

C Sand I 1-05 I 242 
4 76-2 I 1-05 

~~ 

2- 42 I -  Io5-0.25 M Srnd 

42- 074 I o m 1 2 5  I o m 1  F Sand 

VP Srnd 

c 074 Sllt 

c a n  

Vanable Vanable 

(4011 REv)(GTIREv 1)(06/06/91) 
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It IS mportant to menbon that a degree of error IS mherent between all versions of gram slze 

estmates made in the field and those that are made in the laboratory The field data are based on 
volumetnc (mud) estimates whde the laboratory data are denved from weight measurements In 

addrtion, it must be stressed that sieves and gram sne charts should be used regularly whenever 

estunates are be- made 

5.133 Graded Material 

The concept of graded matenal IS used to descllbe the number of gram slze ranges that are present 

w b  the central p o ~ o n  (approxunately 80 percent) of the gram sue dstriiuhon for samples wth 

less than 5 percent fines (silt and clay) If a sample contams predommantly one or two gram- slze 

ranges (such as m d u m  and fine sand), it IS poorly graded and has a symbol (P) If a sample 

contams several gram slzt ranges (such as fine gravel, coarse sand, medium sand, and fine sand), 

it is well graded and has a symbol (W) 

Field values may be checked after the grain aze analyses have been calculated and plotted. The 

uniformity coefficient IS a useful value that may help determine whether a gravel or a sand is well 

graded The formula for the udormity coeffiaent IS 

u c  = D6O/D10 

where the D values are read directly from the gram sue plots and represent the amount of mated 

that is finer by weight Well-graded gravels have a value greater than 4, and well-graded sands have 

a value greater than 6 

(4011 REv)(GTlREV 1)(06/06/91) 
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5.13 Field Estimates of Plasticity 

The plastiuty charactemha of fine-gratned alluwum or the fine fraction of a coarse allumum should 

be determined per the procedures covered in the U S C S (Appendrx GT lA) The followmg 

paragraph and paragraph excerpts are taken from the US C S in Appendut GT lA 

"Particles larger than about the No 40 sieve s m  are removed (by hand), and a speumen of sod 

about the slze of a 1/2-mch cube IS molded to the comstency of putty If the sod IS too dry, water 

must be added, and If it IS sticky, the speumen should be spread out m a thm layer and allowed to 

lose some mosture by evaporation. The sample IS rolled by hand on a smooth surface or between 

the palms rnto a thread about 1/8 inches in diameter The thread IS then folded and rerolled 

repeatedly D m g  thu manapdabon, the mouture content IS gradually reduced and the speumen 

stdfens, finally loses its plastictty, and crumbles when the plastic b i t  IS reached. After the thread 

crumbles, the ptects should be lumped together and a &ght kneading aaon conmud until the 

lump crumbles The lugher the p t ~ o n  of the sod above the 'A' h e  on the phshaty chart the 

&fer are the threads as theu water content approaches the plashc h i t  and the tougher are the 

lumps as the sod IS remolded after rolbg." 

5.13.1 LOwPlastidty 

A l l u d  samples wth a low plastiuty "form a weak thread and . . . cannot be lumped together mto 

a coherent m a s  below the plastic h i t  " 

5.13.2 Medium Plasticity 

A l l u d  samples with a medium plastiuty "form a mdum tough thread (easy to roll) as the pl-c 

hmit IS approached but when the threads are formed mto a lump and kneaded below the plastic 

limit, the soil crumbles readily" 
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5333 Hinh Plasticity 

Alluvlal samples wth a h ~ g h  plashaty form a sttff thread “as thew water content approaches the 

plastic h i t  and the tougher are the lumps as the soil is remolded after rohng.” 

5.1.4 U.S.C.S. Sample Classiticatron 

The sample c l d c a h o n s  of the US CS are dustrated m F w e  GT 1-2 In order to r.lasufv 
alluwum, colluvlum, fa and agronomic sods, it IS neceSSary first to estmate the percent of all the 

gram slze ranges in the sample and determme the plastiaty of the fmes If they comprrse more than 

50 percent of the sample. With this dormahon, enter Figure GT 1-2 from the left and progress 

to the nght matdung the textural, plast~uty, and o r p c  charade-cs of the sample 

The progression through Figure GT.l-2 is an “If/then” sequence of decisions that ultunately leads 

to the proper sample classltication TWO examples follow 

0 Example 1 Seventy-five percent of the mated is greater than the No 200 

sieve, 53 percent greater than the No 4 Steve (gravel), 22 percent 

IS sand, and 25 percent IS fines (10 percent d t  and 15 percent 

clay) The proper c ldcat ion for t h ~ ~  sample IS a clayey gravel 

wth some sdt and sand (GC) 

0 Example 2 fighty-five percent of the mated IS smaller than the No 200 

sleve, 5 percent IS gravel, 10 percent 1s sand, 30 percent IS dt, 

and 55 percent IS clay that has a low to medtum plastmty The 

proper c l d c a h o n  for this sample IS a dty clay wth a trace of 

gravel and some sand (CL) 

, (4011 RBv)(orrREv.l)(os/wpl) 
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SOIL TYPES 
1 I I 

Coarse 
Grar ned 

Sorls 

More than 50% 

Gravel 1 and 
Gravely 
Sorls 

Sand 
and 

Sandy 
SOllS 

j Clean 
l Sand 

(c 5% 
fines) 
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Sample desmptions should be made m the followmg order 

0 

0 

0 

0 

0 

0 

0 

0 

M u  textural classfication wth modifiers 

Color 

Grain size 

Gradmg 

Angulanty (ASTM D2488) 

Plastluty 

Comphon 

Bddmg 

Moisture content 

Top of bedrock, d present 

5.15 Problems With the U.S.C.S. 

Thc followmg are problems that are mtms~c to the U S C S An ohous problem wth the US C S. 

is that a change of one or two percent m coarse or fine m a t e d  on either. sde of the 50 percent 

boundary may cam the sample Jasslfrcahon to vary conslderably For example, a clayey gravel 

(GC) or a clayey sand (SC) could eady change to a gravelly clay or a sandy clay with low plast~uty 

(CL) or a sandy clay wth hqgh plastluty (CH) Clearly a classficabon system that IS this senslbve 

1s subject to errors, espeually III the field 

Another problem IS that it IS all but impossible to deterrmne a hqwd b i t  m the field For the 

purposes of this SOP, the hqutd h i t  has been replaced by field esttmate of plashuty (see Sub- 
section 5 13) 

The U S.C S also lacks the textural property of angularity that helps to determlne the matmty of 

a sedment 

(4011 RBv)(GTlREV 1)(06/06/91) 
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Finally the U S C S 1s a purely descnphve classdicahon that has been designed for construction 

purposes and concentrates heady on the physical properties of clay Because of this, the U S C S 

has 15 sample cldications and 1s very cumbersome 

5.2 BEDROCK DESCRIPl'IONS 

All bedrock material should be classified and described by using many of the procedures and 

techniques desanbed u1 Compton (1%2), wlucb has been mcorporated wth adhhonal m a t e d  rn 
thls SOP 

5.2.1 Basis of Classification 

Compton c l d e s  sedimentary rocks on the bass of their texture, fabnc, and c o m p h o n  Rock 

descnphons such as conglomerate, sandstone, sdtstone, and shale (claystone and mudstone) are 

textural cldcahons based solely on gram m e  When other properties We sorting, roundness, 

bed thickness and contacts, cross-stratdkahon, color, comphon,  cement, porosity, and f d  
content are included, it IS possible to make interpretahons of where, how, and under what 

condrhons the sediments were d e p t e d  

533 Textural Parameters 

5.233 Gra in Size SCS le 

The Wentworth grain slze scale IS hwded into SIX mam categories (1) cobbles, (2) pebbles, (3) 

granules, (4) sand, (5) sdt, and (6) clay The pebble and sand categones are subdmded mto very 

coarse, coarse, mdum, and fine pebbles; and very coarse, coarse, medmm, fine, and very fine sand 

(see Table GT 1-1) The scale is  a geometric senes wth a base of 2 

(4011 REv)(GTlREv 1)(06/06/91) 
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Unltke the U S C S m which the sand/sdt boundary occurs at 0 074 mm, the sand/& boundary 

occurs at 0 0625 mm in the Wentworth scale Smce geotechnical laboratories generally plot gram 

sue analyses on graph paper that IS compabble wth the U S C S , it IS mportant to ensure that they 

also d u d e  the range of Wentworth grain sue mtervals on the graph paper (Figure GT 1-1) 

5333 Degree0 f Sorting 

Sortmg IS a measure of the extent to whch a sent has been w o w e d  or reworked durrng 

transport It also IS a good mQcator of the matunty of a sedunent, the energy of the transportmg 

agent, and the enwronment of & p h o n  

In order to determme the degree of sortmg, Compton (1%2) states, "an estunate IS made of the 

range of grain sues that indude the bulk (here 80 percent) of the detntal m a t e d  " It IS then 

necessary to count the number of sfzt ranges that are contamed in the 80 percent sample (see Table 

GT 1-1) The number of slze ranges IS then compared wth Figure GT 1-3 to determme the degree 

of sortmg that desmbes the sample best 

5.233 Deffee of Round ing 

Roundmg IS a measure of the amount of abrason a gram has undergone However, it IS 

generally used to descrii sediments that are much finer than sand, because gram finer than sand 

tend to have elastic coll~~~ons that do not affect the shape of the grain. Two properbes that must 

be considered when estunatmg the degree of rounding are (1) the composition and (2) the orignal 
shape of the gram Round~ng, like sortmg, IS a measure of the matunty of a s e h e n t  The shapes 

shown m Figure GT 1-4 should be used to eshmate the degree of roundmg of individual gram 
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FIGURE GT.14 
Term for degree of rounding gmns as 98811 mth a hand lens After Powers, 
M C ,1953. 'Journal of Sedimentary Petrology, v 23. p 118 Courtesy of the 
Soaety 01 E c o m t c  Paleontologtsts and Mneralogtsts Taken from Compton 1962 
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533.4 Porosity 

Porosity is not always an easy property to estmate 111 the field because the bedrock can be 

drastically altered dumg drilling and coring as well as by weathermg Generally, samples ehbit  

more poroslty than the rock actually contarns 

Porosity should be expressed as a percentage An accurate estmate 1s mportant because the 

amount of pormty can gwe a general mdxation of the permeabhty of a rock 

533 Estimate of Abundance 

Figure GT 1-5 IS composed of several drawme that represent the field of wew commonly seen 

through a microscope or hand lens Each mcle contarns a number of black areas Below each 

urcle is the actual percentage of black area that the urcle contams All loggers should review 

Figure GT 1-5 until they are adept at estmatmg the percentages that are contamed 111 the mcles 

533.1 Division d A b u n m  

Qwte often it IS necesary to determme the relatwe abundance of a m b l e  In these cases, the 

use of the terms trace, some, and abundant has a uthty The ranges for each are gwen 111 Table 

GT 1-2. 

(4011 REV)(GrlREv 1)(06/06/91) 
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TABLE GT 1-2 
RANGE OF ABUNDANCE 

Diwsion 

Trace 
Some 
Abundant 

Ranee of Percent 

>O to 5 
6 to 25 
26 to 100 

These terms generally follow a "wth" statement, such as, Sandstone, hght olive gray (5Y6/1), very 

fine to fine grained, wth a trace of carbonaceous m a t e d  

52.4 Color 

Color can convey a great deal of donnabon It helps to identtfy the components of the sedment 

or rock as well as the cement In addthon, color can prowde a frurly accurate idea of the current 

chemical enwonment from whch the sample was taken For example, at RFP, hghly weathered 

(oxldued) sandstones are commonly brownish-orange whlle unweathered sandstones are hght ohve 

grey 

To ensure that the color desaiphons are accurate and standarhd, each sample should be 

described whle it 1s wet by usmg the Geologd Soclety of Amenca "Rock-Color Chart" (1!384) 

If the sample has dned, it should be moistened wth clean water from a squirt bottle Care should 

also be taken to remove sunglasses when a color determmation IS bemg made 

(4011 REV)(GllW I)(W/W/91) 
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53.5 Rock Classification 

Clastic rocks are prunarily classified on the bass of their most frequent gram stze The majonty 

of rocks at RFP are claystone, sdtstones, and sandstones, however, hybrids of these end members 

are quite common The second and sometimes thud most frequent conshtuents act as modifiers 

and precede the major rock name m the descriphon, such as, silty sandstone or clayey sdtstone 

If, however, a rock 1s composed of 80 percent or more of one consbtuent, then it should be 
descrrbed solely as that rock type The secondary textural modrfters should then be described M 

the descripbon following a "wth" statement Figure GT 1-6 shows all the rock Classrficatons and 

them hthologc symbols that should be used whde loggrng bedrock samples 

531 cement 

The nature of the cementmg m d u m  should be described whenever possible 'Qpical cementmg 

agents are clay (argrllactous cement), dca, and duum carbonate (dche) 

53.7 Friability 

The tendency of a rock to crumble IS related to how well it IS cemented and the extent to whch it 

has been weathered. Table GT 1-3 shows the degree of fnabhty 

(4011 REV)(GTlREV.I)@6/W/91) 
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Term 
Highly Fnable 

Moderately Fnable 

Shghtly Fnable 

Non-Friable 

TABLE GT 1-3 

DEGREE OF FRIABILITY 

Definition 

Crumbles readily into indimdual 
gram upon minor disturbance 

WIU crumble into mdimdual grains 
wth extenslve rubbmg 

Can be broken lnto mdrwdual gram 
by scrapmg it wth a pocket M e  

Cannot be broken mto mdmdual 
grains by any of the methods 
descllbed above 

53.8 Composition 

It LS not the objectwe of ths SOP to class@ swhentary rocks on the baas of then mmeral content 

by using tertiary hagrams wth quartz/chert, feldspar, and h h c  fragments at each pole Smct 

Compton wrote the "Manual of field Geology" in 1%2, several cladieabons have been pubMed, 

Two of the most wdely used cldicabons are those publlshed by Earl McBride m 1%3 and Robert 

Folk m 1974 Blatt, et al , (19n) presents an excellent evaluation of these and other classlficahons 

For the purpose of thrs SOP, the geologist s concerned wth desmbmg only accessory mmerals, 

fossils, and other components that dtstmgwsh one rock from another The descnpbve term@) 

should follow a "wth" statement, such as, sdty sandstone, hght ohve grey (5y6/1), very fme gamed, 

wth some pink feldspar rock fragments 
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539 Bedding and Internal Structure 

In sedmentary rocks, beddmg IS related to Mferences in texture, composihon, and color, and 

reflects changes in the enmronment of deposition and/or the source material Depending on the 

deposibonal processes that are mvolvcd, bed- bounbes may or may not represent a specific 

moment in tune 

Compton classlfies beddmg as repeated sequences of beds, shapes of mdmdual beds, and cross- 

bed- (cross-stratfiation) Repeated beddmg 1s produced by cydc changes m the sedmentary 

Pr- Indtvldual bed shapes are c l d e d  as tabular, lenbcular, hear, wedge-shaped, or 

irregular Cross-StraMication 1s c l d i e d  on the bass of its external and mternal charactenstm 

External forms of cross-straMicabon are tabular, wedge shaped, and trough shaped Internal 

dcscnptwe terms that are commonly used are graded, massive, lammated, and tangend (Figure 

GT 1-7) Other internal features not related to bedding are npple marks, flow structures, burrows 

and tubes, load casts, and desiccation cracks (mud cracks) 

53.lO Fractures and Slickensides 

Frachues should be described whenever they are present Fractures occur naturally m bedrocks and 

should not be confused wth breaks mduced by comg and handhg The charactensha that should 

be noted about the fracture are 

0 Whether the fracture 1s opened or healed 

The composihon of the mated fang the fracture, If any 

The angle of the fracture from the homntal 

The apparent hsplacement of bedding across the fracture 

Whether slickensides are present and the angle of any strrabons from the 

0 

0 

0 

0 

horizontal 

(4011 REv)(mRev 1)(06/06/91) 
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BEDOING ANI) iNTEKNAL STRUCTURES 
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52.11 Moisture Content 

The core should be desmbed as dry, most, or saturated, and the depth to the top of the 

saturated interval should be recorded If a static water level can be measured, It should 

be noted also 

5f.U Lthogic Description 

Ldog~c descriptionS should be made in the following order 

Mam rock type mth modrfiers 

Color 

Gram slze 

Degree of sortmg 

Degree of roundmg 

Porosrty 

Cement 

Fnabdaty 

Composihon 

Beddmg and mternal structure 

Fractures and &ekenudes 

Mosture content 

Top of bedrock, if present 

6.0 LOGGING 

T ~ I S  seaon describes the field procedures used wbde logpg 

(4011 REv)(mREv l)(06/06/91) 
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It IS the respombdity of the loggmg personnel to ensure that all of the materials and eqwpment 

needed for l-ng are at the site 

6.1 LOGGING EQUIPMENT 

The followmg 1s a list of equipment that 1s neceSSary to properly log the alluwal and bedrock 
material 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Core Reference Set 
Alluwal Reference Set 

Rock-Color Chart 
Losgung forms 

Hand lens 

Nos. 4,40,200, and 230 slews (&mch) mth Ird and base 

Six-foot metal mtasumg tape m tenths of a foot and tenths of an mch 

Core boxes (2 feet long, 5 columns each 2-1/2 lnches wde) (such as, Boue 

Cascade No 17-505 top and bottom) 
Wood blocks (2-1/2 mches x 3/4 mches) for marlung depths and sample locahons 

Jars for cuttlngs 

Wentwortb and/or Amstrat gram slze charts 

W e  

Aud (10 percent Hcl) 111 sqwt bottle 
Water m sqm bottle 
Markers (black, waterproof) 
Protectwe clothing and equipment (see Health & Safety Plan) 

Pens (black, waterproof) 

Flashlight 
Hammer 

Cbpboard 

Table 

(4011 REv)(GrlRev 1)(06/06/91) 
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Duct tape 

Paper towels 

Plastic wrap 

Protractor 

Camera (35 mm) wth film (Kodak color patch) 

Flat-bladed screwdriver 

Awl 

Metal measuring tape in tenths of a foot 

6.2 COREBOXES 

The core boxes should be similar to the boxes described m Subsection 6 1 above Each core box 

and Ird should be marked wth the followq dormahon 

Well name 

Location 

Surface elevabon 

Depth mterval 

Date 

Project number 

Logger’s initials 

Box number and the total number of boxes 

Appropnate hazardous waste labels 

After samples have been containerized, the remaining core wll be placed m marked core boxes and 

moved to the core storage fadty In adhhon to marlungs, the core boxes wdl be labeled and 

stored according to the results of field monitormg (organic vapor detectors and rado1ogn.l 

screenmg) conducted dunng dnllmg and conng actiwties (See SOP FOB, Handling of Ddmg 

Fluids and Cuttings and SOP FO 16, Field Radiologml Measurements ) 
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Core boxes suspected of contamng low-level radoaave substances only wdl be labeled wth a 

"White I" radioactive label Core boxes suspected of contaming volatile organic or mlxed substances 

wdl be labeled wth a Department of Transportation "Other Regulated Materd Class E" (ORM-E) 

label (See SOP FO 10, Receiwng, Labeling and Handling of Waste Contamers ) If the suspected 

contammabon is m d  substances, the core box wdl also be marked wth the words %US RAD" 

for suspected radioactive contamination 

The core boxes wdl be then moved to the appropnate storage faahty 

6 3  CORESANDCU'ITINGS 

6.3.1 !kanning the Core 

After an mterval of core has been cut and the sampler has been opened, the core will be scanned 

for hazardous and rahoactwe contamination The field use of momtors for the detection of volatde 

organtcs and rahonuchdes 1s dwmssed rn SOPS FO.8, Handlmg of D n b g  Hwds and Cuttmgs, 

FO.15, Use of Photoionizing Detectors and Flame lolllang Detectors, and FO 16, field Ra&ologd 

Instruments Once the core has been scanned, it wdl be handled m accordance wth the Health and 

Safety Plan 

63.2 Percent Recovery 

The core should be consohdated in the sampler, measured, and d competent, the core wdl be 
etched wth two parallel hes usmg an awl and a flat-bladed screwdriver The awl h e  wdl be 
etched on the left slde of the core, for the entre length of the core The screwdriver h e  wdl be 
etched on the right side of the core, for the entre length of the core These etched hes denote 

the "up" postion All competent core wdl be etched wth enough pressure so the lmes are readdy 

vmble, but not wth enough pressure so the core's features are obliterated or altered Once etched, 

(4Oll-REV)(GTlREV 1)(06/06/91) 
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the core wdl be shd out onto the plashc wrap that has been placed in the core box Immedlately 

followng t h q  the core should be measured to the nearest tenth of a foot, and this measurement, 

along wth the interval that was cut, should be recorded on the loggmg form Figure GT 1-8 IS an 

example of a completed logg~ng form Wood blocks wth footage values marked on them 111 black 

waterproof mk should be placed at each end of the core If only cuttmgs were collected, a 

representative sample should be collected every 2 feet, and this sample should be placed in a labeled 

jar in the core box 

If the core or ddl cum are logged at a separate location removed from the dnll ate, the 

following dormahon must be wntten on the 1- form (Figure GT 1-8) and encosed in the core 

box: 

0 Interval cut and the amount of core recovered 

0 Dnllers esbmate of hthologsc breaks 

0 Depth to water table If appropnate 

0 Intervals and type of sample taken 

633 Logging 

The core or cuttmgs should be logged accordmg to all of the procedures previously covered m thrs 
SOP 

(4011 Rev)(GITREv 1)(06/06/91) 



EG&G LOGGING SUPERVISOR 

APPROVAL 
DATE 

SAMPLE DESCRlPTlON 



* 

!. 
,. 

I 

sAMPL€ DESCRIPTION 





LOGGING ALLUVIAL AND BEDROCK MATERIAL 

EG&G ROCKY FLATS PLANT Manual: 5-21200-OPS 
EMAD MANUAL OPERATION SOP Procedure No.: GT.l, Rev. 1 

Page: 
Effectwe Date: 
Organization: 

35 of 36 
June 10,1991 

Ennronmentsl Management 

63.4 Photographing the Core 

Any and all phdographg procedures must conform to plant secur~ty controls Each box of core 

should be photographed wth a 35 mm camera after it has been logged and before the core IS 

sampled If the core IS photographed at RFP, the camera wdl have to be cleared and left on ate 

untd the project is completed An 
identdication tag and a Kodak color patch should appear m each photograph The identlfrcation 

tag should contam 

In addition, all of the fdm must be processed by RFP 

0 The well name 

0 Footage values of the core 111 the box 

The box number of the total number of boxes for that borehole, such as 0 

B o x l o f 7  
0 Date core was taken 

0 Project number 

635 Sampling 

Samples that are taken for gram s m  analyses and permeameter tests should be removed only after 

the core has been logged and photographed At the tune a sample IS taken, a wood block unth the 

followq dormahon must be placed m the core box at the pomt the sample was removed 

0 Sample number 

0 Depth 

0 purpose 
Date 

Company 

T ~ I S  dormation should be marked on the wood block wth a black waterproof marker 
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7.0 DOCUMENTATION 

A permanent record of the lmplementation of tlus SOP WIU be kept by documentmg all informatton 

requued by the SOP on the Borehole Log Form Ddmg actmbes wdl also be documented on the 

hollow-stem auger or rotary and core d d m g  Field Achvlhes Report Forms (see SOP GT 2, D n h g  

and Samphng Usmg Hollow-Stem Auger Tedmques, and SOP GT 4, Rotary D d h g  and Rock 

Corulg) 

The logser wdl prunady be respomble for each aspect and each procedure 
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Preface 

The purpose of this manual is t o  describe and explain the use o f  

the "Unified S o i l  Classification System" in order that identif ication 

o f  soil types w i l l  be on a common basis throughout the agencies usurg 

this system. 

The program of m i l i t a r y  arrfield construction undertaken by the 

Department of the Army i n  1941 revealed at an early stage that exis t ing 

s o i l  c lassif ications were not ent ire ly  applicable t o  the  work mwlved. 

I n  1942 the Corps of Engineers tentat ively  adopted the "Airf ield 

Classif ication" of soils which had been developed by D r .  Arthur 

Casagrande of the Hsrvard University Graduate School o f  Engineering. 

As a result of m r i e n c e  gained since that time, the original  classi- 

f i c a t i o n  has been expanded and revised in cooperation w i t h  the Bureau 

of Reclamstion so that it spplies not only t o  airffelds but also to  

embanhents, foundations, and other engineering features. 

Acknuwledgaent is made t o  Dr. Arthur Casagrande, Professor of 

S o i l  k?%xhanics and Foundation Engineering, Harvard University, f o r  

perrmssion t o  incorporate in this manual considerable infonnation frcn 

the  paper "Classification and Ident i f  i c a t i o s  of Soils" pubhshed ia 

Transactions, American Society o f  C i n l  Engineers, volume 113, 1948, 

This manual was prepared under the direction of the  Office, Chief o f  

Engineers, by the Soils Divxsion, Waterways Experiment Station,  
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UNIFIED SOIL CLASSIFICATION SYSTEM 

Introduction 

, 
L 

Need f o r  a c l a s s i f i c a t i o n  system 

1. The adoption of the  principles of s o i l  mechanics by the engi- 

neerlng profession has usplred numerous attempts t o  devise a smple 

c l a s s i f i c a t i o n  system t h a t  nll t e l l  the englneer the properties o f  a 

given s o i l .  

ence based on certa in  properties o f  soils  such as texture, plasticity, 

As a consequence, many c lass l f icat lons  have came lnto  exist- 

strength, and other characteristics. A few c l a s s i f i c a t i o n  systems have 

gained f a l r l y  wide acceptance, but it is seldom t h a t  any particular sys- 

ter, has provided the c-lete infomation on a s o i l  that the engineer 

needs. Near& every engineer who practices s o i l  mechanics w i l l  add 

j-nt and personal experience as modifiers to whatever so i l  classifi-. 

cation system he uses, so t h a t  it may be said that there are as many 

c l a s s i f i c a t i o n  systems as there are engineers using them. Obviously, 

=thin a given agcncy, where designs and plans are reviewed by persons 

ent ire ly  removed from a p r o j e c t ,  a common basis o f  soil c l a s s i f i c a t i o n  is 

necessary so that when an engineer classifies a s o i l  as a certain type, 

this c l a s s i f i c a t i o n  w i l l  convey t o  another englneer not familiar n t h  the 

region the proper c h s r a c t e r i s t i c s  and behavior o f  the material. Further 

than t h i s ,  the c lass i f icat ion should reflect those behavior characteris- 

t i c s  o f  t h e  soil t h a t  are pertlnent t o  the pro ject  under consideration. 

Basis o f  the mified s o i l  
c l a s s i f i c a t i o n  system 

2. The unified s o i l  c lass i f icat ion system is based on the 



I .( 

c 
Iy r 
. 

i 
I 

I 

?. 

3 

embadments, foundations, roads, and airfields, is treated separately i n  

appenhces hereto which m l l  be issued as the need arises.  

ognized that the unified c lass l f icat ion system 

not prove entirely adequate i n  a l l  cases. 

the classif ication o f  soils i n  accordance m t h  t h i s  system have some de- 

gree of e las t i c i ty ,  and t h a t  the system not be followed blindly nor re-  

garded as completely rigid. 

It i s  rec- 

i t s  present form nay 

However, it is intended t h a t  

Defimtions of s o i l  components 

4. Before s o i l s  can be classified properly i n  any system, includ- 

ing the one presented i n  tfus manual, it is necessary t o  establish a 

basic terminology for  the  various soil components and t o  define t h e  terms 

used. I n  the unified soil class i f icat ion the names "cobbles," "gravel," 

"sand," and "fines (siltdkor clay)*' arc used t o  designate t h e  s ize  ranges 

of soil particles. The gravel and sand ranges are f'urther subdivided 

into the groups presented below. The limiting boundaries between the 

various size ranges have been arbitrarily set at certain U. S. Standard 

sieve sizes in accordance with the following tabulation: 

Ccmponent Size Range 

Cobbles Above 3 in. 

Gravel 3 in. to NO. 4 (4.76 nun) 
Coarse gravel 3 in. t o  3/4 in. 
Fine gravel 3/4 in. t o  No. 4 (4.76 mm) 

Sand No. 4 (4.76 nrm) t o  No. 200 (0.074 m) 
Coarse sand No. 4 (4.76 mm) t o  No. 10 (2.0 mm) 
Mehum sand No. 10 (2.0 mm) to No. 40 (0.42 mm) 
Fine sand No. 40 (0.42 mm) t o  No. 200 (0.074 m) 

Fines ( s i l t  or  clay) Below No. 200 (0.074 mm) 

These rages  are shown graphxally on the  grain-size sheet, plate 1. I n  
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classif ication c r l t e r i a  by which the various s o i l  groups are identified 

and distinguished. 

sifying soils frcm the results of laboratory t e s t s .  

use of this  chart art discussed in greater d e t a i l  under a subsequent 

heading in this manual. 

Soil grou~s  and mom symbols 

Table 2 shows an auxiliary schematic method of clas-  

The applicatlon and 

6. Major divisions. Soils are ptimarily divided into  coarse- 

grained soils,  fine-grained soils,  and highly organic solls. 

textural basis, coarse-grained soils are those that have 50 per cent or 

l e s s  of the constituent material passing the No. 200 sieve, and fine- 

grained soils are those that have more than 50 per cent passing the 

No. 200 sieve. Highly organic soils are in general readily  identWied 

by visual~examination. The - coarse-grained soils are sribdivided into 

gravel and gravelly soils (symbol G), and sands and sandy soi ls  (sym- 

bol  S).  Fine-grained soils are subdivided on the basis of the l iquid 

limit; symbolL i s  used for soils w i t h  l i q u i d  limits of 50 and less,  

and symbol H for soils with l i e d  Umits in excess of 50‘ (see plate  2). 

Peat and other highly organic soils are designated by the symbol P t  and 

are not subdivided. 

On a 

I 

7. Subdivisions, coarse-mined soils.  In general practice there 

1s no clear-cut boundary between gravelly s o i l s  and sandy so i l s ,  and as 

far as behavior i s  concerned the exact polnt of division i s  r e l a t i v e l y  un- 

mportant. For purposes of identification, coarse-grained s o i l s  are 

classed as gravels (G) if the greater percentage of the coarse fYaction 

(retained on No. 200 sieve) i s  larger than the No. 4 sieve and as sands 

(S) If the greater portion of the coarse f r a c t i o n  i s  flner than the KO. 4 
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information should be evaluated and the s o i l  classified as discussed sub- 

. 

c 
c - h  

sequently under "Laboratory Identification. " I n  areas subject to frost 

action, the material should not contain more than about 3 per cent of 

soil grains smaller than 0.02 mm in size, Typical examples of GW and sbl 

soils  are sham on plate 3. 

GP and SP groups 

10. Poorly-graded gravels and sands containing l i t t l e  or no non- 

plastic fines (less than 5 per cent passing the No. 200 sieve) are 

classed in the GP and SP groups. The materials may be classed as uniform 

gravels, uniform,sands,,or nonuniform mixtures of very coarse material 

and very fine sand, with intermediate sizes lacking (sometimes called 

skip-graded, gap-graded, or step-graded), The latter  group often results 

f'ran borrow excavation i n  whichgravel and sand layers are mixed. If the 

fbe  Fraftion exhibits plasticity, this infarmation should be evaluated 

and the soil classified as discussed subsequently under "Laboratory 

Identification."' Typical examples of various types of GP and SP soils 

. 

c 

- 

are shown on plate 4. 

GM axla SM p;roups 

U, In general, the GM and SM groups comprise gravels or sands Kith 

fines (more than 131~ per cent passing the NO, 200 sieve) having l o w  or no 

plasticity.  

sieve fraction) of soils in the group should plot below the "A" line on 

The plasticity  index and liquid limit (based on minus No. 40 

* In the preceding two paragraphs soils  of the GW, GP, SW, and SP 
groups were defined as heving less than 5 per cent passing the NO. 200 
sieve. Soils which have between 5 and 12 per cent passing the No. 200 
sieve are classed as "borderline" and are discussed in paragraph 33 
under that heading. 
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predominantly s i l t y  materials andmicaceous or diatomaceous soiLs. The 

symbols L and H represent low and high l i&d lmits, respectively, and 

811 arbitrary dividing line between the two i s  set  at a liquid limit of 

50. !!!he soi ls  in the ML and ME groups are sandy silts,  c h y e y  s i l t s ,  

or inorganic s i l t s  w i t h  relatively low plasticity.  Also included are 

loess-type soils and rock flours. Micaceous and diatomaceous soils 

generally fall within the MH group but may extend into the ML group 

when their liqyid Umit i s  less  than 50. The same i s  true for certain 

types of kaolin clays and some i l l i t e  clays having relatively  l o w  plas- 

F t i c i t y .  

on plate 7. 

Typical examples of soils i n  the ML and ME poups are shown 
i 

denoting low or hQb l i e d  llndt. !be soils arc PFfmarily inorganic - 
clays. Low plasticity  clays are classified as CL 8nd are usually lean 

clays, sandy clays, or silty clays. The medium and high plasticity  

clays are classified as at, Tbese include the f a t  clays, gumbo clays, 

certain volcanic clays, and bentonite. The glacial  clays of the northern 

United States c m r  a wide band in the CL and CH groups. Typical exam- 

ples of soils in these groups are shown on plate 8. 

OL and aa Rroups 

15. The soils  in the OL and OH m p s  are characterized by the 

presence of organic matter, hence the symbol 0. Organic s i l t s  and clays 

are classified i n  these groups. The materials have a plasticity  range 

that corresponds vlth the ML and Mi p u p s .  

OH soils axe presented on plate 9. 

Typical examples of OL and 
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methods are ent i ie ly  practical  for prelirmnary 

and may be used t o  advantage in  grouping s o i l s  

laboratory identification 

in such a manner that  

only 8 rnmimm number o f  laboratory tests need be run. 

General Identification 

18. Thc easiest  way o f  learning f i e l d  identif ication o f  s o i l s  i s  

under the guidance o f  experienced personnel. Without such assistance, 

1 

".*" 0 

field idsntification may be learned by systemstically cumparing the 

nmerical  test results f o r  typical soils i n  each group with the "feel"  

o f  the material while f i e l d  identification procedures are being performed. 

Coarse-mined soils E 

19. Texture and composition. In field identif ication of coarse- 
r 

Brained materih a itryisample IS T e a d - o n  a flat surface ~ n d  examined 

t o  determinc -tian, & size shape, and camposition. 

Consldersble experience is required t o  differentiate,  on the basis of 

a visual e x d t i o n ,  between well-&ed and poorly-&ded soils. 

*e durabiiity of  the grains of a coarse-grak soil may re- a 

careful examination, depending on the use t o  which the soil is to  be 

put, Pebbles and sand grains consisting of soma rock are easily iden- 

t i f i e d ,  Weathered material is recognized fram i t s  discolorations and 

the  relative ease wlth which the grains can be crushed. Gravels con- 

sisting of weathered granitic rocks, quartzite, etc , ,  are not necessar- 

ily objectionable far construction purposes. 

grained soils containing fragments of shaley rock may be unsuitable be- 

cause alternate wetting and drying may result in their partial or com- 

plete dislntegration. 

On the other hand, coarse- 

This property can be identified by a slaking test, 
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usually be detected by rubbing a sample between the fhgers; silt or clay 

particles feel smooth and stain the fingers, whereas the sand feels grltty 

and does not leave a stain, 

purpose, and consists of biting a portion of the sample between the 

teeth. Sand feels gritty whereas silt -and clay do not; clay tends to 

stick to the teeth while silt does not. 

than about I 2  per cent of the material passing the No. 200 sieve, the 

sample should be separated as w e l l  as possible by hand, or by decanta- 

tion and evaporation, removing all of the gravel and coarse sand, and 

the characteristics of the fine fraction determined, The blnder is 

mixed with water and its dry stren@h and plasticity characteristics are u .  

The “teeth test” is sametimes used for this 

If there appears to be more 

c 
B 

examined. 

sification sheet, table 1; eduation of soils according to ilry Strength 
~ 

and plasticity criteria is discussed b succc+dlng paragraphs in c m e c -  . 
k ,  tion w i t h  fine-grained soils. Identification of active cementing agents 

Criteria for dry strength are shown in column 5 of the clas- *$ 

0 4  g 

e; % 

other than clay usually i s  not possible ;by- visual and mapual examination, 

since such agents may reqpire a curing period-of days or even weeks. In 

the absence of such experience the soils should be classified tentatively ’ 

into their apparent groups, neglectlng any possible development of 

4 

strength because of cementation 

Fine-aained soils 

21. The principal procedures for field identification of fine- 

grained soils are the test for dilatancy (reaction to shaking), the 

examination of plasticity characteristics, and the determination of dry 

strength. 

partlcularly for organlc ~011s. 

In addition, observations of color and odor are of value, 

Descriptions of the field identlflcation 
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particularly o f  the rock-flour type, a l s o  for batornaceous earth (MH). 

The reaction becmes somewhat more sluggish with decreaslng m f o r r m t y  

of gradation (and increase i n  p l a s t i c i t y  up t o  a certain degree). 

s l ight  content o f  colloidal  clay w i l l  impart t o  the s o i l  some p l a s t i c i t y  

and slow up maierially thg-keaction t o  the shaking test .  

Even a 

Soils which 

react  111 this manner are somewhat plastic inorganic and organic silts 

(ML, OL), very lean clays (CL), and some holm-type clays (ML, MH). Ex- 

tremely slow or no reaction t o  the shaking test is  characterzstic of all 

typical  clays (CL, CH) as well  as  o f  highly plastic  organic clays (OH). 

23. Plas t i c i ty  characterist ics .  Exarmnation o f  the plasticity 

characteristics of fine-grained s o i l s  or of the fine fraction of coarse- -: 

grained soi ls  is made with a small  moist sample of the material. Parti-  

cles larger than about h e  no, 40 sieve size are removed (by hand) and a 

specimen of soil about the size of a 1/2-in. c i i  is molded to the con- 

* 

sistency of putty. 

it i s  sticky, the specimen should be spread out i n  a thin layer and 

allowed t o  lose some moisture by evaporation. The sample Is ro l led  by 

If the s o i l  i s  too dry, water must be added and if 

hand on a smooth surface or between the palms into a thread about l/8 in. 

m dianeter. 

t h i s  raaxuplation the moisture content is gradually reduced and the speci- 

The thread is then folded and rerolled repeatedly. During 

men stiffens,  finally loses i t s  p las t i c i ty ,  and crumbles when the plast ic  

lhit is reached. 

together and a s l ight  kneading action continued u n t i l  the lump c m b l e s .  

The higher the position o f  a s o i l  above the "A" l ine on the p las t i c i ty  

chart,  plate 2 (CL, CH), the s t i f f e r  are the threads as then water con- 

After the thread crumbles, the pieces should be lumped 

tent  approaches the p l a s t i c  lmi t  and the  tougher are the lumps as the 



fraction of gravelly and sandy soils havlng a clay bmder (GC and SC). 

Soils with high &y strength can be broken but cannot be powdered by 

finger pressure. 

well 8s same organic clays of the OH group ha- very high liquid U t s  

and located near the A-line. 

undisturbed state may be flumished by a cementing materlal such as cal- 

cium carbonate or lron oxide. 

High dry strength is indicative of most CH clays, 8s 

In some instances high dry strength in the 

25. Color. In field soil surveys color is often helpful in dis- 

tmguishing between various soil strata, and to an engineer with suffl- 

cient p r e h m m r y  experience wlth the local soils, color may also be 

useful for identifying Individual soils. The color of the moist S o d  

should be used in identification as soil color may change markedly on 

drying. To the eLwrlence8 eye certain dark or dr& shades of gray or 

brown, including almost black colors, are indicative of fine-grained 

soils containing organic colloidal. matter (OL, OH) . 
colors, including medium and light gray, olive green, brown, red, yenow, 

and w h i t e ,  are generally associated with inorganic soils.' Use of the 

Munsell soil color charts and plates, prepared for the U. S. Department 

of Agriculture by the Munsell Color Campany, Baltimore, Maryland, 1s 

suggested in the event more precise soil color descriptions are desired 

or to facilitate uniform naming of soil colors, 

. 
' 

In contrast, brighter 

26, - Odor. Organic soils of the OL and OH groups usually have a 

distinctive odor which, with experience, can be used as an aid in the 

identification of such materials. 

fresh samples. 

revived by heating a wet  sample, 

This odor is especially apparent from 

It gradually diminishes on exposure to au-, but can be 
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Identif ication o f  ma,jor s o i l  WOUDS 

29. Reference t o  the identification procedure chart, table 2, shows 

that the f i r s t  step i n  the laboratory identification o f  o s o i l  is to 

d e t e m n e  whether it i s  coarse grained, fine grained, or highly organic. 

This maybe done by visual  examination in most cases, using the procedures 

outlined for f i e ld  identification. In some borderline cases, as with 

very f ine  sands or coarse silts, it may be necessary t o  screen a repre- 

sentative dry sample over a No. 200 sieve and determine the percentage 

passing. Fi f ty  per cent or l ess  passing the No. 200 sieve ident i f ies  

the soil as coarse grained, and more than 50 per cent ident i f ies  the s o i l  

as flne grained. The percentage Umit of 50 has been selected arbitrarily 

- 

f o r  convenience i n  identificatxon as it i s  obvious that a mrerical dif- 

fe&nce' of l'br 2' & this'krcentage &I. make no significant change in , 

the behador of the so i l .  After the major group in which the soil belangs 

i s  established, the identification procedure i s  continued in accordance 

w i t h  the proper headings in the chart. 
f 

I 

I&ntification of' subgroups, 
coarse -Rrained s o i l s  

30. Gravels (G) or sands ( S ) .  A complete sieve analysis i s  run on 

coarse-grained so i l s  and the gradation curve is plotted on a grain-size 

char t .  For some so i l s  containing a substantlal amount of fines, it may 

be desirable t o  supplement the sieve analysis with a hydrometer analysis 

i n  order t o  define the gradatlon curve below the No. 200 sieve size. Pre- 

liminary identification i s  made by determining the percentage o f  material 

in the  gravel (above No. 4 sieve) and sand (No. 4 t o  No. 200 sieve) sizes.  

If there is  a greater percentage of gravel than sand the material 1s 
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that  the grading curve w i l l  have a concave curvature w l t h m  relatively 

narrow limits f o r  a given D& and D10 combmation. A l l  gradations not 

meeting t h e  foregoing c r i t e r i a  are classed as poorly graded, 

poorly-graded s o i l s  (GP, SP) are those having nearly straight line gra- 

dations (plate' 4, fig, 1, curve 3), convex gradations, nearly vertical 

(uniform) gradations (plate 4, f i g .  1, curve l), and gradatxon curves 

with "humps" typical  of skip-graded materials (plate 4, fig, 1, curve 2 ) .  

Thus, 

32. GM. SM, GC and SC urcnms. The soils in these groups are com- 

posed of those materials having more than a 12, per cent f ract ion passing 

the No, 200 sieve; they may or may not exhibit plastici ty.  For identi- 

fication, the llwd and plas t i c  lfmits tests are re-d on the A-ac- I 

tion finer than the 100. 40 sieve, The tests should be run on representa- 

tive s8rupl& of moist mterfsl, and not on air- or oven-dried soils.  < 

Il?is-precaution i s  desirable as drying affects the Umits values t o  sane 

extent as will be explafned M e r  i n  the discussion o f  fine-grained 

soils. Materials &I which the l i w d  l imit  and p las t i c i ty  index plot  

below the "A" line on the plas t i c i ty  chart (plate 2) are' classed as 

GM or SM (plate 5). Gravels and sands i n  which the liquid limit and 

p l a s t i c i t y  index plot above the "A" line on the plas t i c i ty  chart =e 

classed as GC or SC (plate 6). 

cation of materials i n  these groups the plast ic i ty  characteristics 

overshadow t h e  gradation characteristics;  therefore, no dis t inct ion i s  

made between w e l l -  and poorly-graded materials. 

M 

I t  i s  considered that  i n  the ident i f i -  

* In the precedrng paragraph soils o f  the GW, GP, SW, and SP groups were 
defined as having less than a 5 per cent f'raction passing the No. 200 
sieve. 
sieve are classed as "borderline" and are bscussed in parhgraph 33. 

Soi l s  having between 5 and 12 per cent passing the No. 200 
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CL and OL or ML s o i l  types xn t2ns region is  accomphshed by a cross-hatched 

zone on the plasticity chart between 4 and 7 PI  and above the "A" hne.  

CL soils in  tfus reman are those having a PI above 7 wble  OL or ML soils  

are those having a PI below 4. Soils plottlng tJlthin the cross-hatched 

zone should be classed as borderline as chscussed later. The various soil 

groups are shown rn the= respective positions on the plasticity chart. 

Fxperience has shown that compressibility is approximately proportional to 

lima l i m i t  and that soils having the same liquid limit possess appro=- 

mately equal compressibillty, assuming that other factors are essentially 

the same. -On comparing the physical characteristics of soils having the 

same lima limit, one finds that with increasing plasticity index, the 

cohesive characteristics increase and the permeability deueases. From 

plots of ~tbe ,resuXts of -Ilmits tests on a nuuiber of samples from the 

8- fine-grained deposit, it is farrnd that for most soils these points 

U e  on a straight line or i n  a n a r r o w  band a m x i m a t e l y  parallel t o  

the '*A*' line. 

t ion of the various groups of fine-grained soils is discussed i n  the 

8 

,- 

With this background information i n  mind, the identifica- 

f o l 2 . d . w  wagraphs. 

35. ML, CL, and OL groups. A soil having a l i q y i d  lint of less 

than 50 falls into the low l i @ d  Urnit (3,) group. 

lirmt and plasticity index on the plasticxty chart w i l l  show whether it 

falls above or below the "A" line and cross-hatched zone. 

A plot of the liquld 

Soils  plotting 

above the 

typical inorganic clays (plate 8, f i g .  1). Soils plottlng below the "A" 

l i n e  or cross-hatched zone are inorganic s i l t s  or very fine sandy si l ts ,  

"A" line and cross-hatched zone are classed as CL and are usually 

(plate 7, fig. l), or organlc slits or orgaruc silt-clays of low 
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hghly orgamc soils (Pt) than has been stated previously under f ield  

identlfication. 

o f  color, texture, and odor. 

natural water content of several hundred per cent, which i s  far in ex- 

cess of that found for most soils.  

these soils  may be quite low. 

tested for h q u i d  and plastic l imits.  Such materials usually have a 

liquid limit of several hundred per cent and fall  well below the "A" 

b e  on the plasticity chart. 

These soils  are usually identified readlly on the basis 

Moisture deterrmnatrons usually show a 

Specific gravities of the solids i n  

Some peaty soils can be remlded and 

Borderline classifications ? 

38. It is inevitable in the use of the classification system that 

soils w i l l  be encountered that fall close t o  the boundaries established - 

between '& y a r i b  gro&.?b *s'naition, 'boundary zones for the amount - 

of mat&& passing the No. 200 sieve and for the lower pert of the 

plasticity chart have been incorporated as a part of the system, as 

discussed subsequently-. 

soils i s  t o  use a dmible symbol; for example, CN-GM. 

i n  rare instances, for a s o i l  to fall into more than one borderline zone 

and, if  appropiate symbols were used for each possible classification, 

the result would be a multiple designation consisting of three or more 

symbols. 

best to use only a double symbol i n  these cases, selecting the two that 

are believed most representative of the probable behavior of the soil .  

In cases of doubt the symbols representing the poorer of the possible 

a 

!L'he accepted rule in classifying.borderline 

I t ' i s  possible, 

1 

!Rns approach i s  unnecessarily comphcated and it i s  considered 

groupings should be used. 

39. Coarse-gramed soils. It -11 be recalled that in previous 
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defizutrons o f  these terms are now somewhat different fromthose used by 

many soils engmeers, it is considered advisable t o  discuss the= connota- 

tion as used in this system. I n  the unified soil classif ication the terms 

%ilt" and "clay" are used to describe those s o i l s  with Atterberg l imits  

plotting respectively below and above the  "A'* line and cross-hatched zone 

on the plasticity chart. 

"silty" and "clayey" may be used as adjectives in the s o i l  names when the 

limits values plot close t o  t h e  "A" l ine.  

LL = 40 and PI = 16 may be called a s i l t y  clay. 

"silty" is not applied to c l a y , s o i l s  having a l iquid Umit in excess of 

As a log ica l  extension of this concept, the terms 

For example, a clay s o i l  with 

In general, the adjective 

about 60. 

&pansion of Classification J? I * 

4 

42. It may be'necessary, in  some cases, t o  expand the unified clas- ' 

sif ication system by subdivision of existing groups in order to classify 

s o i l s  for a particular use. 

discoursged and careful study should be given aqy soil group before such 

a step is adopted. In a l l  cases rmwivisions should be designated pref- 

erably by a suffix to an exlsting group synibol. 

selected carefully so that  there -11 be no confusion n t h  existing l e t -  

ters that already have meanings in the c lass i f icat ion system. In each 

case where an existing group is subdivided, the basis and criteria for  

the subdivision should be explained in order that anyone unfamiliar with 

it mey understand the subdivision properly. 

The Indiscriminate use of subdivisions is 

The suifix should be 



29 
- 

belongs, it is usually an easy matter to select an appropriate name from 

the classification sheet. Some soils mey be reably identified and prop- 

erly named by only visual inspection. 

appropriate on the use of the classification system for certain soils 

A word of caution is considered 
% 

> such as marls, caliches, coral, shale, etc., where the gram size can 

vary mdely depending on the amount of mechanical breakdown of soil par- 

ticles. For these soils the group symbol and textural name have little 

significance and the locally used name may be important. 

Other descriptive terms 

45. Records of field explorations in the form of boring logs can 

be of great benefit to the engineer if they include adequate lnfomation. 

In addition to the group symbol and the name of the soil,  the general ?i? 
.& 

u' aaracteristics of 'the soils ,as to plasticity, strength, moisture, etc. , 
yJ - 
c provide Infomation essential to a proper analysis of 8 particular prob- 

la. 

data to local bidders, and to protect the Government agamst later l e g a l  

% .. Locally accepted soil names should also be used to clarify the 
3 
J 
L. 

claims. For coarse-grained soils, the size of particles, mlneralogical 

coanposition, shape of grains, and character of the binder are relevant 

features. For fine-grained soils, strength, moisture, and plasticity 

characteristics are important. \hen describing undisturbed soils such 

characteristics as stratification, structure, consistency in the undls- 

turbed and renolded states, cementation, drainage, etc., a r e  pertinent 
s, 

to the descriptive classification. Pertinent items to be used in de- 

scribing soils are shown in column 6 of table l. In ordei to achieve 

uniformity in estmating consistency of soils, it is recommended that 

the Terzaghi classification based on unconfined compressive strength be 
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EIGRI;I ORGANIC SOIIS 

Fibrous texture,  color, odor, 
very high moisture content, 
particles or vegetable mat- 

U e l l  
graded 

COARSE GR’ 

Poorly 
graded 

Greater percentage o f  coarse fraction 
retained on No. h sieve 

c;w 

Run sieve a- %- 

GP 

+ 
pass Ilo. 200 sieve lo. 200 sieve 

double symbol appro- 
priate to grading and 
p l a s t i c i t y  character - fraction 

I 

note: Sieve s izes  are U. S. Standard 

5 

a 

hatched zone on 
p l a s t i c i t y  chart 

El 
If fines interfere w i t h  free draining properties use double symbol such as GU-CM, etc.  

021260 -B 

32-A 

I 



Table 2 

* 
Make visual examination of soil to deternine whether it 
is XGRIX ORCWQIC, COARSE GRAINED, OR FINE GRAINED. In 

borderline cases determine amount passing No. 200 sieve. 
." 

Below 1" l ine  or Limits plot in Above "A" l ine and 
hatched zone on hatched zone on hatched zone on 
plastici ty chart plastlcl ty c h a r t  p las t i c i ty  cTiart 

Well m r l y  
graded waded 

AUXILIARY IABORAMRY IDENTIFICKTION PROCEDURE 

su SP SM SM-SC sc 

RSE GRAINED 

ieve analysis * 
SAND (SI 

Greater percentage of coarse *action 
nass No. 4 sieve 

J 

! I '  
ir. k r s  thm 55 pass Betvnn 55 and l2$ 

NO. 200 sieve. pass No. 200 sieve 

c 
Examine g a i n  1 site curve 

Borderline, t o  have 
double symbol appro- 
priate to  grading and 
plastici ty character- 
istics, e.g. Sv-SM 

Hore than  14 pass 
No. 200 sieve 

I 
Run Lc and PL on 
minus No. 40 sieve 

frac tion 

1 

r 
hatched ton 

Color, odor, I LL and PL on 3 Organic 

m 



a 

L 
Liquid limit less than 

50 

FINE GRAINED 
More than 5 4  pass No 200 sieve 

I 
Run LL and PL on minus No. 40 sieve 

material 

I 

H 
Liquid lirnit greater than 

50 a 

: 

-or, odor, possibly 
and PL on wen dry 

5 
s o i l  

1 
-. I I I 

I plasticity chart I 
Llmltr plot i n  
hatched zone on hatched zone on 

Above *A" line and 

' chart 1 plastic1 

, 
Bel- "A" line Above "A" line 
on plasticity on plasticity 

chart C b a r t  
* 

f- 

coior, odor, p o s ~ i b l y  
LL and PL on wen dry 

soil  
- b 

1 

Inorganic Organic 
i d 

r r 1 
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T Y P I C A L  EXAMPLES 
CW AND SW SOILS 
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GM GROUP 
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TYPICAL EXAMPLES 
GM AND SM SOILS 

PLATE 5 
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TYPICAL EXAMPLES 
ML AND MH SOILS 

PLATE 7 
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UNIFIED SOIL CLASSIFICATION SYSTEM 

APPENDIX A 

CHARACTERISTICS OF SOIL GROUPS PERTAINING To 

EMBANKMElqTS AND FOUNDATIONS 

Introduction 

1. The major properties of a soil proposed for use in an enbank- 

ment or foundation that are of concern to the desi@ or construction 

engineer are its strength,-permeability,-and consolidation and canpaction 

characteristics. Other features may be investigated for a specific prob- 

lem, but in general some or a l l  of the properties mentioned ebove are of 

p r i m q ~ ~ b r t a n c e  in an earth 'embankment or foundation project of any 

magnitude. 

In question by means of laboratory or field tests and to use the results 

i a  

It is common practice to evaluate the properties of the soils' 

of such tests as a basis far design and construction. 

influence strength, consolidation, and other characteristics are numerous 

The factors thgt 

and some of them are not completely understood; consequently, it is im- 

practical to evaluate these features by means of a general soils clas- 

sification. However, the soil groups in a given classification do have 

reasonably similar behavior characteristics, and while such informa%ion 

is not sufficient for design purposes, it will give the engineer a? indi- 

cation of the behavior of a soil when used as a component in construction. 

This is especially true in the prelminary examination for a project when 

neither tune nor money for a detailed soils testlng program is a7ailable. 

2. It should be borne in rmnd by engineers using the classification 
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characteristics;  column 11, the s u l t a b i l l t y  o f  the so i l s  for foundations 

(strength and consolidation); and column 12, the requlrements for  seep- 

age control, especially when the soils are encountered 

f o r  earth embankments (permeabihty). 

the foundation 

B r i e f  &scussions o f  these fea- 

tures are presented i n  the following par&graphs. 

Suitabil i ty o f  s o i l s  f o r  embanbents 

4. Three major factors t h a t  influence the s u t a b i l i t y  o f  soils 

f o r  use i n  embankments are permeability, strength, and ease o f  cmpac- 

tion. The gravelly and sandy s o i l s  with l i t t l e  or no f ines ,  groups GW, 

GP, SW, and SPY are stable,  pervious, and at ta in  good compaction vlth 

crawler-type tractors and rubber-tired ro l lers .  The poorly-graded mate- : 
t, 

rials may not be quite as desirable as those which m e  well graded, but 

all o f  the materials are suitable' for use in  &e pervik sections of  
, 0 ;  *P , I  

c % 

-5 
k earth embankme&s. Poorly-graded sands (SP)' may be more difficult to 

u t i l i z e  and, in general, should have flatter embanbent slopes than the 

SW soils .  Tbe gravels and sands with fines, groups GX, GC, SM, and SC, 

* 
* 

have variable characteristics depending on the nature of the fine frac- 

t ion  and the gradation o f  the ent ire  sample. 

suff iciently impervious and stable t o  be used f o r  impervious sections o f  

embankments. 

These materials are often 

The so i l s  in these groups should be carefully examined t o  

insure that they are properly zoned with relation t o  other materials in 

an embment .  O f  the fine-grained soils, the CL group i s  best adapted 

f o r  embanln;lent construction; the s o i l s  are mpervious, fairly stable,  

and give f a n  t o  good compaction with a sheepsfoot r o l l e r  or rubber- 

t i red  roller .  The MH s o i l s ,  while not desirable for  r o l l e d - f i l l  construc- 

tion, may be uti l ized in the core o f  hydraulic-f i l l  structures. Soils  of  
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allowable because pool levels must be -maintained. 

soils (GM, GC, SM, SC, CL, MEI, and CH) may be used in core section* or in 

homogeneous embankments to retard the flow of water. 

tant that seepage not emerge on the downstream slope or the possibllity 

of drawdown exists on upstream slopes, more pervious materials are usual- 

ly placed on the outer slopes. 

(GW, GP, SW, SP) are best suited for this purpose. 

materials is available they are usually graded from least pervious to 

more pervious from the center of the enibankment outward. Care should be 

used in the arrangement of materials in the embankment to prevent piplng 

within the section. The foregoing statements do not preclude the use 02 

other arrangements of materials in embnnkmftnts. 

structed su&essAiLly entirely of sand (SW, SPY SM) or of silt (ML) with 

the section made large enough to reduce seepage to an allowable value 

Klthout the use of an impervious core. Coarse-grained soils are often 

used in drains and toe sections to collect seepage water in downstream 

sections of embankments. !L%e soils used w i l l  depend largely upon the 

material that they drain; in general, free-draining sands (SW, SP) or 

gravels (GW, GP) are preferred, but a silty sand (SM) may effectively 

drain a clay (CL, CH) and be entirely satisfactory. 

The more impervious 

Where it is impor- 

The coarse-grained, free-dralnmg solls 

Where a variety of 

Dams have been con- . ' I *  i .  

d 

7. Seepage through foundations. As in the c2se of embankments, 

the use of the structure involved often determines the amount of seepage 

control necessary in foundations. 

of water through a pervious foundation would not constitute an excessive 

water loss and no seepage control measures would be necessary if adequate 

provisions were made agalnst piping critical areas. If seepage control 

Cases could be cited where the flow 
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Therefore a positive cutoff  may not be requlred and an upstream blanket, 

wells, or a toe trench may be ent ire ly  effective. In some cases a com- 

bination of blanket and trench o r  wells may be desirable. S l l t y  solls -- 
s i l ty  gravels (GM), s i l ty  sands (SM),  and silts (ML) -- usually do not 

r e q u r e  extensive treatment; 8 toe drainage trench or well system may be 

sufficient  t o  reduce upllft pressures. 

r i a l s  may not be permeable enough t o  permit dangerous u p l i f t  pressures 

The more lmpervious s i l ty  mate- 
1 

t o  develop and i n  such cases no treatment i s  indlcated. I n  general, the 

more impervious s o i l s  (GC, S C ,  CL, OL, MH, CH,  and OH) require no t r e a t -  

ment for control of upl i f t  pressures. 

tance when they occur as a re la t ive ly  thin top stratum over more pervious 

materials. 

the base o f  the impervious top stratum can cause heaving and formation of 

boi ls ;  treatment of the lower layer by some o f  the methods mentioned 

above is usually indicated i n  these cases. 

t r o l  of u p l i f t  pressures should not be applied indiscrlminately j u s t  be- 

cause certain types of s o i l s  are encountered. Rather, the use of control 

However, they do assume impor- 

Y 

In such cases u p l i f t  pressures in the lower layers acting on 
Y.. - n 

t 

c 

It i s  emphasized that  con- 

measures shouldbe based upon a careful evaluation o f  conditions that do 

or can exis t ,  and an economical solution reached t h a t  w i l l  accomplish 

the desired results.  

Compaction characteristics 

9. I n  column 9 o f  t h e  table are shown the general compaction char- 

ac ter i s t i cs  of the various s o i l  groups. The evaluations given and the 

equipment l i s t e d  are based on average f i e l d  conditions where proper 

moisture control and thiclmess o f  lift are attained and a reasonable num- 

ber o f  passes o f  the compaction equipmznt i s  required t o  secure the 
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(CL) belng the best, fat clays and lean organic clzys or sllts (aL and CH) 

fair to poor, and orgaruc or rmcaceous soils (ME and OH) usually poor. 

For most construction projects of any magnitude it 1; hlghly desxrable 

to investigate the compaction characteristics of the soil by means of a 

field test section. In column 10 of table Al are shown ranges of unit 

dry weight of the soil groups for the standard M H O  (Proctor) compactive 

effort. It is emphasizedthat these values &re for guidance only and de- 

sign or construction control should be based on laboratory test results. 

Suitability of soils for foundations 

10. Suitability of soils for 

tures is primarily dependent on the 

istics of the subsoils. Here again 
1 '  - 1  5 

foundations of embankments or struc- 

strength and consolidation character- 

the type of structure and its use 

;'. will -largely kvern the adaptability of a s o i l  cs a satisfactory founda- 

s tion. For embankments, large settleKnts may be allowed and compenssted 

9 for by overbuilding; whereas the allowable settlement of structures such 

as control towers, etc., may be small in order to prevent overstressmg 

the concrete or steel of which they are built, or  because of the neces- 

7. 

I 

I 

sity for adhering to established grades. Therefore a soil may be entire- 

ly satisfactory for one type of construction but may require special 

treatment for other tjFes. Strength and settleEent characteristics of 

soils are dependent upon a number of variablcs, such as structure, in -  

place density, moisture content, cycles of loading i n  thew geologic his- 

tory, etc., which are not readily evaluated by a classification system 

such as used heie. For these reasons only very general statements can be 

mzde as to the suitzbility of the various soil types as foundations; this 

is especially true for fine-grained soils. I n  general, the gravels and 
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f o r  most construction purposes. 

foundation, they may be removed if luolted m extent, they may be das- 

placed 'by dumping firmer s o i l s  on top, or  pilmg may be driven through 

them t o  a stronger layer; proper treatment w i l l  depend upon the  structure 

involved. 

If highly organic s o l l s  occur i n  the 

Graphical Presentation o f  Soils Data 

11. It is  customary t o  present the results of s o i l s  exploratlons 

on drawmgs or plans as schematic representations o f  the borings or test  

pits  n t h  the s o i l s  encountered shown by various symbols. Comonly used 

hatching synibols are small irregular round symbols for gravel, dots for 

sand, vertical lines for silts, and diagonal lines for clays. Combina- 

tions of these symbols represent various combinations of materials found 

i n  the explorations. 

groups i n  the unified s o i l  c lassif ication system and the appropriate sym- 

bols are sham i n  column 4 of table  Al. As an alternative t o  the hatch- 

ing  synibols, they may be omitted and the appropriate group letter synbol 

(CL, etc.)  written in the boring log. 

of borings, the ef fect ive  s ize ,  %o (grain size i n  mm corresponding t o  

10 per cent f iner  by weight), o f  coarse-grained soils and the natural 

water content of fine-gramed so i l s  should be shown by the side o f  the 

log. Other descriptive abbreviations may be used as deemed apprupriate. 

In certzin special instances the use o f  color t o  delineate soil types on 

maps and dranugs i s  desirable. 

I W J O r  soil groups is described i n  column 5 o f  table Al. 

This system has been adagted t o  the various soil 

In addition t o  the symbols on logs 

A suggested color scheme t o  show the 
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UNIFIED SOIL CLASSIFICATION SYSTEM 

APPENDIX B 

CHARACllERISTIcS OF SOIL GROUPS PERTAINMG TO 

Introductlon 

1. The pruperties desired in soils for foundations under roads 
and airfields and for base courses under flexible pavements are: 
quate strength, good compaction characteristics, adequate dramage, re-  

sistance t o  frost action in areas where frost is a factor, and acceptable 
compression and expansion characteristics. 
if’ inadequate in the soils available, may be supplied by proper construc- 
tion methods. For instance, materials having good drainage characteristics 
are desirable, but if such materials are not available locally, adequate 

ade- 

C e r t a i n  of these properties, 

drainage may’be obtained by installing a properly designed water collect- 
ing system. 

mediately under the pavement of a flexible pavement structure, are high and 
only good quality ma€erials are acceptable, 
subgrade materials may be canpensated far in many cases by increasing 
the thickness of overlying concrete pavement or of base materlsls xn 

flexible pavement construction. From the foregoing brief discussion, it 
may be seen +ht the proper design of roads and airfield pavements requires 

the evaluation of soil properties i n  more detail than i s  possible by use 
o f  the general soils classification system. 
soils i n  the classification system i s  such that a general indication o f  

their behavior i n  rcad and airfield construction may be obtained. 

Strength requirements for base course materials, t o  be used im- 

Hcwever, low strengths in 

However, the grouping o f  

Features Shawn on Soils Classification Sheet 

2. General characteristics o f  t h e  soil groups pertlnent t o  rcads 

and airfields are presented i n  table B1. Columns 1 through 5 show major 



B3 /. should be used in situations where this is a problem. 
so i l s  in general are the best subgrade, subbase, and base materials. 

GW group has excellent qualit ies  as a subgrade and subbase, and is good 
as base material. 
used for any of  the s o i l s  f o r  base courses; it is considered t h a t  the 
adjective "excellent" should be used i n  reference t o  a high quality 

processed crushed stone. Pourly-graded gravels and some s i l ty  gravels, 

groups GP and GMd, are usually only s l ight ly  less deslrable as subgrade 
or subbase materials, and under favorable conditions may be used as  base 
materials for  certain conditions; however, poor gradation and other factors  
sometimes reduce the value of such soils t o  such extent that they o f fer  
only moderate strength and therefore their value as a base material is 
less. The GMuj GC, and SW groups are reasonably good subgrade materials, 
but are generally poor t o  not suitable as bases. The SP and SMd sods 

usually are considered fair t o  good subgrade and subbase materials but 
in general are poor t o  not suitable for base materials. The SMu and SC 

soils are fa ir  t o  poor subgrade and subbase materials, and are not suit- 

able for base materials. !Che fine-mined soils range frcan fair  t o  very 
poor subgrade materials as follows: 
f a i r  to  poor; organic s i l ts ,  lean organic clays, and micaceous or diato- 
maceous so i l s  (OL and ME), poor; f a t  clays and f a t  organic clays (CH and 

OH), poor t o  very poor. These qualities are compensated for i n  f lexible  

pavement design by increasing the thickness of overlying base material, 

and in r i g i d  pavement design by increasing the pavement thickness or by 

the addition o f  a base course layer. None o f  the fine-grained s o i l s  are 

suitable as subbase or base materials. The fibrous organic soils (group 
Pt) are very poor subgrade materials and should be removed wherever pos- 

s ible ,  othervlse , special construction measures should be adopted . They 

are not suitable as subbase and base materials. The California Bearing 

Ratio (CER) values shown i n  column 15 give a relative mdication o f  the 
strength of  the various soil groups as used i n  f lexible  pavement design. 

S imilar ly ,  values o f  subgrade m o d u l u s  (k) 111 column 16 are re lat ive  i n -  

dications of  strengths from plate-bearing t e s t s  as used m r i g i d  pavement 
design. 

The coarse-grauled 
The 

It is  noted t h a t  the adjective "exceUent" 1s not 

silts and lean clays (ML and CL), 

As  these t e s t s  are used for  the design o f  pavements, actual 



water i n  the s o i l  pores m l l  help t o  diminish i ce  segregation i n  the sub- 

grade and subbase. 
Ccmpressibility and expansion 

7.  Plese characteristics of s o h  maybe of two types insofar as 
The first the i r  applicability t o  road and runway design is concerned. 

is the re lat ively  long-term compression or consolidation under the dead 
weight of the structure, and the second i s  t h e  short-term ccmpression 
and rebound under m o m  wheel loads. The long-term consolidation o f  

s o i l s  becomes a factor in design prlmarilywhen heavy f i l l s  are made on 
compressible so i l s .  
settlement during construction it -11 have l i t t l e  influence on the load- 

carrylng capacity o f  the pavement. 
t o  compression and rebound under wheel load are encountered, adequate 
protection must be provided, as even small movements o f  t h i s  type s o i l  
may be delzimental to the base and wearing course o f  pavements, It i s  

fortunate that  the free-draining, coarse-grained s o i l s  (GW, GP, SW, and 

SP), which in general make the best subgrade and subbase materials, ex- 
hibit  almost no tendency tcward high campressibility or expansion. In 
general, the compressibility of s o i l s  increases with increasing l i q u i d  

limit.  The foregoing is not cmpletely true, as compressibility is also 
influenced by s o i l  structure, grain shape, prevlous l o a d i n g  history, and 
other factors that are not evaluated in the c lass i f icat ion system. 
desirable ccmtpressibility or expansion characteristics may be reduced by 

distribution of l o a d  through a greater thickness o f  overlyulg material. 
This, i n  general, is  adequately handled by t h e  CBR method of design for  

flexible pavements; however, r i g i d  pavements may require the addition of 
an acceptable base course under t h e  pavement. 
Drainage characteristics 

If adequate provision is made f o r  t h i s  type o f  

However, when elastic soils subject 

Un- 

8. The drainage characteristics o f  s o i l s  are a direct  ref lect ion 
o f  the i r  permeability. 
use i n  r o a d s  and runways is sham i n  column E?. The presence o f  moisture 
i n  base, subbase, and subgrade materials, except f o r  free-draining, coarse 
grained s o i l s ,  may cause the development o f  pore water pressures and loss 

Of strength. The moisture may come from inf i l t rat ion o f  rain water or by 

The evaluation o f  drainage characterist ics  for 
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or control of construction should be based on t e s t  results .  
These values are rncluded prlmarlly for gudance, design 

Graphical Presentation of  Soils Data 

10. It i s  customaryto present the results o f  s o d s  explorations 
on d r a w s  as schematic representations o f t h e  borings or  t e s t  pits  or 

on s o d  prof i les  with the various so i l s  encountered shown by appropriate 
symbols. 
written i n  t h e  appropriate section o f  the log. 
ing symbols shown 111 column 4 o f  table B1 may be used. 
natural water content of fine-grained so i l s  should be shown along the 
side of the log. 
appropriate. 

soil types on maps and drawings is desirable. A suggested color scheme 
t o  show the major soil  groups i s  described in column 5 of table  B1. 

As one approach, the group l e t t e r  symbol (CL, etc . )  may be 
As an alternative,  hatch- 

In addition, the 

Other descriptive abbreviations may be used as deemed 
In certain special instances the use o f  color t o  delineate 
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or control o f  cons_truction should be based on t e s t  results .  

These values are lncluded prlmarlly f o r  -dance, design 

, 

Graphical Presentation of S o d s  Data 

10. It i s  custamaryto present the results  o f  soils  explorations 

on d r a m s  as schematic representations o f  the borings or t e s t  p i t s  or 

on soil profi les  with the various s o i l s  encountered shown by appropriate 

symbols. 
written in the appropriate section o f  the log. 

ing symbols shown in column 4 o f  table  Bl may be used. 

natural water content of fine-gramed soils should be shown along the 

side o f t h e  log, 
appropriate. 

doil types on maps and drawings i s  desirable. A suggested color scheme 
t o  show the major soil groups is described in colmm 5 of table Bl, 

As one approach, the group l e t t e r  symbol (CL, etc,)  may be 

As an alternative,  hatch- 
In addition, the 

Other descriptive abbreviations may be used as deemed 

In certain special instances the use of color t o  delineate 



Designation- 0 422 - 63 (Reapproved 1972)'' 4Tb 
I 

Standard Method for 
Particle-Size Analysis of Soils' 

This standard is issued unda the fixed degnauon D 422. h e  numbcr irnmedwtclv follomng the dargnation indicata the year of 
ong~nal adopuon or in b case of mson the ycar of kn ltWIOn A numbcr in parenthaa indcms the yeat of Ian rcappmval A 
superscript epsrlon (4) indicates an dtonal change urn the  la.^ -on or reapproval 

" NOTE-!klion 2 vu added cd~twully  and subsqucn~ KRIoN rrnumbercd in July 1984 

1 Scope 
1 1 T ~ I S  method covers the quantitatlve detemnauon of 

the dmnbuuon of particle szes in soils. The dstnbuuon of 
particle sizes larger than 75 pm ( m n e d  on the No 200 
sieve) IS determined by siewng, whde the drxnbution of 
particle slzes smaller than 75 pm is determined by a 
sedimentauon process, m n g  a hydrometer to secure the 
neceSSary data (Notes I and 2) 

NOTE I--sepantlon may be made on the No 4 (4 75-mm). No 40 
(425-pmX or No 200 ( 7 h m )  scve instead of the No 10 For whatever 
sex ustd the sue shall be in&cawd in the report. 

NOTE 2-Two types of -on denw are pmwdcd. (I) a 
high-speed mechanical stlmr. and (2) au dspcmon Extcxmw invcsa- 
gat~ons i n d ~ ~ t e  tbat ar-cLspaaon dmca product a more posltlw 

dspason of plvac solb Mow the 2O-pm pze and appnoably less 
dqpdatloa oa dl Iurs when used wnth d y  S O k  Bawx of the 
definrtc advanpga favonng au bspanon. its wc IS recommended. The 

21 Amustanw 
D421 Prachce for Dry Rcparatton of Sod Samples for 
P~~~IcIc-SJZC Analps and D c t m n a u o n  of Soil 
Constant9 

E 1 1  Spcufmtton for W i A o t h  Sieves for Test~ng w 
E 100 Speaficatton for MThd Hydromaus' 

3. Apparatus 
3 1 Bufunca-A balance sens~ttve to 0 01 g for Werghng 

the matcnal passing a No 10 (2OO-mm) stcve, and a balance 
sensluve to 0 1 96 of the mass of the sample to be wagbed for 
Wighmg the matenal rrtatned on a No 10 sieve. 

3.2 Stimng Apparatus-Either apparatus A or B may be 
used. 

3 2 1 Appamtus A shall conus  of a mechanically oper- 
ated stimng device in which a suitably mounted e l m c  
motor turns a vertical shaft at a speed of not less than 10 OOO 
rpm without load The shaft shall be quipped wth a 

This method IS unda the jumdicuon of ASTM Committee D l 8  on sot1 and 
Rock and IS the d i m  rcsponubdttv of Submmrnittce D1803 on Texture 
h ~ t i o w  and Denritv Chu~ctcnnics of& Is. 

replaceable stimng paddle made of metal plastic, or hard 
rubber, as shown in Fig. 1 The shaft shall be o f  such length 
that the stlmng paddle wdl operate not Im than % in ( I  9 0 
mm) nor more than 1% in. (38 I mm) above the bottom of 
the bpersion cup A speaal disperson cup conforming to 
either of the designs shown in Fig. 2 shall be provlded to hold 
the sample while it IS being dispened 

3 2 2  Apparatus B shall consst of an amjet dlspenion 
cup' (Note 3) confomng to the general demls shown in Fig. 
3 (Notes 4 and 5) 

NOTE 3-The amount of au ttqwrtd by an au-jet drsprmon cup IS 

of the orda of 2 h3/m1n. some small au comprtson a ~ c  not capable of 
supplnng suffiacni au to opuatc a cup 
N m  4-Another w-tvpc drspanoa dmcc. known as a cispaxion 

nrk dmlopcd by Chu pad Dawdson at Iowa stuecollcgc, has k e n  
shown to lpve m l t s  e q w a b t  to those SCMcd by the mr-Jet dspmon 
cups Whm it IS wed, soalong of the sampk a n  k &ne in the 
sahmentulon cylmda, thus dtllllnatlly tbe reed hr tnnsfmng the 
slurry When thewdspcmaon tubes used Rsbpll k 50 rndrcated in 

NOTE 5-Water may condense m au lina when not in use. T&s 
w n a m u n . & ~ o ~ a t h a b y u s m l a ~ t n p ~ t h e w h D s a r b y  
bkmng the water out of the lrne belin+ us= any of the aw for 
dtsprmon purpou* 

3 3 Hydrometer-An ASTh4 hydrometer, graduated to 
read in either specific gramty of the suspenmn or grams per 
h u t  of suspcns~on. and codonrung to the nqutrcments for 
hydrometen 131H or 152H m Spcclticatlons E 100.I3men- 
slow o f  both hydrometas are the same, the d e  k i n g  the 
only item of dtffertnce. 

3 4 Sedimentanon Cvlmdpr-A glass cylinder esxnually 
18 in (457 mm) in haght and 2% in (63 5 mm) m bmeter,  
and marked for a volume of IO00 mL. The imde &meter 
shall be such that the 1ooO.mL mark is 36 +. 2 cm from the 
bottom on the inside 

3 5 Thermometer-A thermometer accurate to I'F 
(0 so 
3 6 Sieves-A senes of sieves o f  square-mesh woven-wire 

cloth conforming to the requirements o f  Speafication E I I 
A full ser o f  sieves includes the following (Note 6) 

' Dculkd working dnmngs for tha cup are 3ntbbk 31 J. nomind mu Imm 
the Amcncjn Socrcrv for Testing and M~tcruk 1916 Race SI Philadelphia. PA 
I9103 Order Adjuncl No 114W220-00 
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G o  18 8 W  Go = 0 049' 

W E q u m k n t l  
n 0 001 0 049 0.203 H Y4 

mn O W  124 5 16 12 7 19 0 

FIG. 1 Detali of Sairnng hddles  

Narr &A set of scvcs p n g  uniform sprang of polnts for the 
as ~ q u l r c d  in 17. m y  k used ddcarrd Th~~sctconnSrs 

the fouaVnng s- 
he (75-m) No 16(1 18-mm) 
IKm (37J.mm) Na M (-1 
h a  (19.O.mm) Na 50 0 0 0 ~ )  
%.Ill. (9J-mm) No I O O ( 1 ~ )  
No. 4 (4 75-mm) No 200(7klm) 
No. 8 (LMmm) 

' w  
37 Waer Barh or Consianr-Temperature Room-A 

water bath or constant-temperature mom for mamt;unmg 
the sod suspension at a constant temperature dunng the 
hydrometa analyss. A satsfmory water tank IS an insulated 
tank that mammns the temperarm of the suspension at a 
convenient constant temperature at or near 6 8 1  (2WC). 
Such a dewce IS illustrated in Fig. 4 In cases when the work 
1s performed in a room at an automaudy controlled 
constant temperature, the water bath IS not nmssaty. 

3.8 Beak-" beaker of 250-mL capaaty 
3 9  Timing Device-A watch or clock wth a second 

hand 

4. Dispersing Agent 
4 I A soluuon of sochum hexametaphosphate (sometmes 

called sodium metaphosphate) shall be used in d d l e d  or 
demineralucd water. at the me of 40 g of sodurn 
hatametaphosphare/liuc of soluuon (Note 7) 

NOTE 7--Solutrons of thls At if aadic slowlv revert or hvdrolne 
back 10 the onhophaphate form mrh a mulunt dccrcasc in ~ISPCSSIW 

Jon %uIions should be prrpared frequentlv (at least once a month) 
dJuSted to pH of 8 or 9 bv mans  of sodium carbonate Bottles 

lning soluuons should have the date of prqxmuon rnarkcd on 

4 2 All uater used shall be eirher distilled or 
deminenlrzed water The Hater for a hvdromeier test shall 

e 

~ 

in. 1.3 2 6  3 75 
mm 33 66 952 

flG 2 Dispersion Cups of Appanrtus 

be brought to the temperature that is expected to prevad 
dunng the hydrometer rest. For example, if the sedimenta- 
tlon cylinder IS to be placed in the water bath, the distilled or 
demineralued water to be used shall be brought to the 
temperature of the controlled water bath, or, if the &men- 
tation cylinder is used in a room mth controlled tempera- 
ture, the water for the test shall be at the temperature of the 
room The basic temperature for the hvdrometer test IS 68'F 
(20'C) Small variations of temperature do not introduce 
differences that are of practical significance and do not 
prevent the use of corrections demed as prescnbed 



CROSS SECTION 
CLW A 

C W A  cngcg SECTION 
CUP B 

RG 3 Air& DiapcHuon Cupr of Apparatus B 

5 Test Sample 
5 I Preparc the test sample for mechamcal analyss as 

outlined in Practice D421 D u n g  the prcparauon prcxx- 
dure the sample 1s drvlded into two pomons One pomon 
contams only parucles m n e d  on the No. 10 (ZOO-mm) 
ueve whde the other pomon contam only parhcles passng 
the No 10 scve The mass of au-dned sod sclencd for 
purpose of tests, as prrscnbcd in Pract~cc D421, shall be 
sdXment to yeld quantities for rnecbamcaJ analyss as 
follows 

5 1.1 The suc of the pornon retamed on the No. 10 seve 
shall dcpend on the maximum sue of part~dc, accordrng to 
the followng schedule: 

NomlnrlDumctad 
Lursl- Appouma~e Mtmmum 

in. (mm) M.rsorPomoag 
.H (95) 500 
Z (190) IO00 

1 (254) m 
1% (311 1) 3ooo 
2 (501) 4ooo 
3 (76.2) Moo 

5 I 2 The SKC of the pornon passing tbe No. 10 seve shall 
be approximately 1 15 g for sandy soils and appnmmately 65 
s for silt and clay solls. 

5 2. Pronslon IS made in Secaon 5 of Prachce D 421 for 
N W m g  of the atrdry soil selected for purpose of tests, the 
Wantion of the soil on the No 10 sleve by dry-siewng and 
washing, and the weighing of the washed and dned fraction 
retained on the No IO sieve From these two masses the 
Pemmgts retamed and passing the No 10 sieve can be 
cxlculated in accordance wth 12.1 

NOTE 8-A check on the mass values and the thoroughness of 
~ l ~ ~ t r o n  of the do& mav be secured bv werg!!ing the poruon 
mW! the No 10 sieve and adding thls value to the mass ofthe washed 
m i  o\cndned ponion rcrvncd on thr No 10 seve 

E ANALYSIS OF PORTION RETAINED ON NO 10 
(2.00-mm) SIEVE 

Procedure 
6 1 Srpante the ponion remined on the No 10 (2 00- 

mm) S1~1e into ;i senes ot tnctions using the 3-in (75-mrn) 

FIG. 4 lruulrtdWat~B.th 

2-111. (50-mm), 1 H-in. (37 5-mm), bin. (25 0-mm), %-in. 
(19.0-mm). S i n  (9 5-mm). No 4 (4 75-mm), and No 10 
srms. or as many as may be needed degendmg on the 
sample or upon the specificat~ons for the matenal under 
test. 

6 2 Conduct the sieving operauon by means of a lated 
and vertid mouon of the sieve, accompanied by a jamng 
amon in order to keep the sample moving continuouslv over 
the surface of the sieve In no case turn or manipulate 
fragments in the sample through the ueve by hand Conunue 
sievlng untll not more than 1 mas R of the residue on a 
sieve passes that sieve dunng 1 min of sievlng When 
mechanical siewng IS used t e s  the thoroughness of sieving 
by using the hand method of sieving as descnbed above 

6 3  Detemne the mass of each fraction on a balance 
conforming to the requirements of 3 1 At the end 01 
weighing. the sum of the masses retained on 311 the sieves 
used should equ31 cIosel\ the  onginal mass ot the q u m t i i \  
sieved 



D 422 

HYDROtl€TER A h D  SIET E ANALISIS OF PORTIO8 
PASSING THE NO 10 (2 00-mm) SIEVE 

. Determination of Composite Correction for Hydrometer 
Reading 

7 I Equations for percentages o f  soil remaning in suspen- 
son, Y gven in 14 3 are based on the use of dtsulled or 
demindlzed water A m m n g  agent is used in the water, 
however. and the spmfic grawty of  the mulung liqurd IS 

appmably gmter than that of M l e d  or d m i n d u e d  
water. 
7 I 1 Both soil hvdromctm are dibnted  at 687 (20'0, 

and vanauons in temperature from ths  standud tempera- 
ture produce inamrams in the acrual hydrometer h n g r  
The amount of the inaccuracy increases as the vananon 
from tne standard temperature increases 

7 1.2 Hvdrometcrs are graduated by the manufamrer to 
be read at the bonom of  the mensas  formed by the hqud 
on the stem Since it IS not possiolc to secure rudngs of sod 
suspensions at the bottom of the mcmscus, muhngs must be 
taken at the top and a common apphcd. 

7 1 3 The net amount of  the correcuons for the three 
items enumerated IS dmgnated as the compontc c o r n o n ,  
and may be d e t m n e d  expenmentallv 

7.2 For convenience, a graph or table of composite 
corrccuons for a senes of 1' tempmature drfferrnccs for the 
rang of expected ten temperatures may bt prrpytd and 
used as needed Measurement of the composlu comons  
may be made at two temperatures spannmg the range of 

tunpaaturcscalculued assumrngastmght-lincrcla- 

7.3 Repare IO00 mL ofliqud composed ofQItiIied or 
d a m a a k d  water and dspusmg agent m the same 
propomon as wdl prevail m the x&mcntanon (hydrometer) 
tesL Place the hqud in a scdunmranon cy&& and the 
cylinder in the consmnt-tempaanut water bath. set for one 
of the two tempentuns to be used. When the tcmptrawe of 
the hqud becoma cons ran^ r w n  the hydrometer, and. 
afier a short interval to parmt the hydrometer to come to the 
tempemure of the lrquid read the hydrometer at the top of 
the men- forma on the stem. For hydrometer I5 1H the 
cornmu corrcctxon 1~ the dffma bctween ths m d n g  
and one: for hydrometer 152H it IS the drffcrmcc b e e n  
the reading and zero Bnng the liquid and the hydrometer to 
the other temperature to be used. and secure the compontt 
correction as before 

atpectcd M W m  and corrr~flor~ for the mtame- e- onshrp betwetn the two observed vaiues. 

8. Hygroscopic Moismrc 

8 1 When the sample is weighed for the hvdrometer tat. 
wagh out an auxiliarv pomon o f  from 10 to I5 g in a small 
meml or glass contuner dn, the sample to a consant mass in 
C XI oven at 230 & 9'F (1 10 = YC). and weigh apn.  Record 
the masses 

9 Dispersion of S o i l  Sample 
9 I When the soil is modv of the clw and silt S Z ~ .  weigh 
I a sample of air-drv so11 ofapproumsrelv 50 g. When the 

11 is mosrl\ und the ample should be approximsteI\ 100 

9 2 Place rhe smuIe m rhe 250-rnL beaker and cover 
175 mL of sodium hc.ramcx3Dhosphare soiuuon (40 g/L) 
Stir untd the soil IS thoroughhiy wettea AUOW 10 soak for 
1- 16b 
93 At the end of the soalung mod. dqmsc the sample 

Further, uung either sumng apparatus A or B I f  m n g  
apparatus A IS used, transfer the soil - water slurry from the 
beaker into the spend dspesion cup shown in Fig 2, 
washrng any mdue from the beaker into the cup urlth 
d lded or demine&cd water (Note 9) Add U l e d  or 
demineralucd water if n e c c s s q ,  so that the cup IS morc 
than half full. Sttr for a penod o f  1 min. 

NOTE %A lygc sue m n g c  IS a mnvcnicnt dmcc for handirng the 
wllc~ in the was&ung m u o n  Other denca mdudc the wrsh-wato 
bodeand a hose wth n d c  mnnmed to a prrrsumed d d k d  water 
tmk. 

94 I f  snmng apparatus B (Fig 3) IS used. remove the 
cover cap and connect the cup to a comprcswd arr supply by 
muns of a rubber hose A ax gage must be on the lme 
betwccn the cup and the control valve. Open the conuol 
valve so that the gage induxcs I p ( 7  kPa) presswe (No= 
IO). T~ansfer the sod - water slum from the beaker to the 
m-j~t drsperaon cup by washtng wth dmdled or 
dunratralued water Add dtmlled or dcrmneralucd water, d 
naesary, so that the total volume in the cup IS 250 mL, but 
no more 
Norr Io--rbcllllmiaIrprrsarrcof1pnnreqtnrrdu,prc*cnttht 

s o J - w u n ~ 6 u r n  mtPlngthcaK-jct~krwhcn thcrmxmrr: 
n ~ ~ t o t h e d n p a s o n c p p  

95 Flacc the cover u p  on the cup and open the an 
conml Mhre unnI the gage prrsure 1~ 20 psl(140 kpar 
Dlspusc the soll d g  to the followmg schedule: 

r)rrproonRnod -* mm 

UDdcrS 
61020 
ora20 

5 
IO 
15 

10. Hydrometer Test 
10 1 Immaimdy after -on. -fer the sod - water 

slllrry to the glass sedunenmon cylinder, and add disnlled 
or dcmincnlltcd water untd the total volume s IO00 mL 

10 2 Usrng the palm of the hand over the open end of the 
c y h d a  (or a rubbcr stopper m the open end), nun the 
cyhndcr upslde down and back for a pen& of 1 m n  to 
complete the qttauon of the slurry (Note 1 1) At the end of 
I mm set the cylinder I n  3 convenient loutlon and take 
hydrometer rcadrngs 3t the followng intervals of time 
( m d  from the beginning of sdmenuuon). or as many 
as m y  be nteded dependmg on the sample or the speclfiu- 
uon for the matcnai under t a t  2- 5 I5 30 60 150 and 
1440 mm I f  the conuollcd water bath is used. the sahmen- 
tauon cylinder should be placed In the bath between the 2- 
and 5-min mdmgs. 

N m  II-Thc numbcr of 1ums dunng this minute should be 
spproximacdv 60 couniing the :urn upside down and back x two : u r n  

90 



103 When it is desired to take a hydrometer reach& 
c a d d y  ~ ~ e r t  the hydrometer about 20 to 25 s before the 
reading IS due to approximatelv the depth it WIU have when 
the =&ng xi taken As soon as the mdmg IS taken, cyefully 
remove the hydrometer and place it wth a spinning rnotlon 
in a glilduate o f  clean dmlled or dermneralued water. 

NOTE 12-11 IS imponant to m o v e  the hydrometer immedrately 
dim eacfi mdmg Rcadrngs be taken ax the top of the m e m a s  
formed the suspension around the stem nncc it  IS not pomble to 
x~urc 

104 After each rcadmg, take the temperature of the 
suspennon by inserang the thennometer into the suspen- 
sion. 

at tbt bottom of the menxxus. 

11. Sieve Analysis 
I I I After talang the final hydrometer d n g ,  transfer 

the suspension to a No 200 (75-pm) sieve and wash wlth tap 
water unuI the wash water IS clear Transfer the matcnal on 
the No 200 meve to a slutable contamer, dry in an oven at 
130 -C 9 T  (1 10 A 5’C) and make a s e w  analyns of the 
pornon m n e d  using as manv sieves as d m d  or r c q d  
for the matenaL or upon the spmfiuuon of the matend 
under test 

CALCULATlONS AND REPORT 

12. Sieve Myss Vdues for the Portion Coarser tb.n the 
No. 10 (Zoo-mm) sicre 

I 2 1  calculatt the ptrccntake passlng the No. 10 = by 
divrdmg the mass pgsmng the No 10 see by themas~ of sod 
onmally spht on the No. 10 neve. and muluplm the 
by 100 To obmn the mass passng the No. 10 SIC% subuact 
the mass rctarned on the No 10 seve from the ongiaal man 

122 TosecurrthetotaimassofsotipasslngtheNo 4 
(4 75-mm) sieve, add to the mass of the m a d  pamng the 
No. 10 swe the mius of tht fracaon passmg the No. 4 swt 
a d  retamed on the No. 10 neve. To sccun the rod mas of 
sod passing the h n  (9 5-mm) mew, add to the total of 
sod passing the No. 4 atve. the mas of the h o n  pasang 
the %-in. seve and m n c d  on the No 4 seve. For the 
-ing neves, mnunue the dculauons in the same 
manner. 

12.3 To determine the total pexcntage passing for u c h  
nm‘e. &wde the t o d  mas pamng (see 122) by the total 
mas of sample and multlpiy the result by 100 

2 95 094 
290 0 95 
285 096 
280 0 97 
275 038 
2.70 099 
265 100 
260 101 
255 1 0 2  
250 103  
2 45 1 05 

A For use m equanon fw penentaga of sad remamy n suspemrn when usmg 

142 calculate the mass of a total sample nprtsentcd by 
the mass o f  sod used in the hydrometer test, by cfivldmg the 
ovendry mass used by the percmtage paslng the No. 10 
(ZOO-mm) seve, and muiuplwng the d t  by lo0 T ~ I S  
value IS the waght W in the equaaon for percentage 
rrmauung in suspenson 

14 3 The percentage of sod remamng in suspemon at the 
level at whch the hydrometer IS measunng the densty of the 
suspension may be calculated as follows (Note 13) For 
hydrometer I5 I H 

P P ((100 mlw) X G/(G - Gi)l(R GJ 
Nm 13-The bncketcd pornon of the q m o n  for hydromclcr 

l5lH tmnant f i  a scnes of rwdmgs pad may k cakuhcd fint and 
then d- by the pomon ut the pvmrhaa 

For hydrometer 152H: 

where 
a = comctlon fmon to be applied to the r d b g  of 

hydrometer 15W. (Values shown on the d e  are 
computed using a specrfic grav~ty of 265. Corrrctron 
facton are gtven m Table I), 

P = pcrcmmgc of soil rcmamng m suspension at the level 
at wbcb the hydrometer measures the denaty of the 
suspension, 

R = hydrometer reading wth comp~stc comctron ap 
plred (-on n 

JV = ovendry mass of sot1 in a total test sample npre- 
smtcd by m a s  of sod dspascd (see 142). g, 

G = spcafic p w t y  of the sod pamdes and 
G, = speafic gl’;wty of the liqwd in wh~ch sod pamdes arc 

suspended Use n u m e n d  value of one in both 
mtans in the cquattou. In the fim 111st311ce any 
pombie vamuon produces no s&icmt dfea. and 
in the second insonce. the comDoslu common for R 

P=(RdW)X loo 



where 
= hameter of parude mm. 
= coeffiaent of VISCOSIN of the suspcndmg m&um (in 

thts usc mer) in poses (vanes wth changes in 
tempmturr of the suspendxng mccinm). 

L = dmancc from the surface of the suspension to the 
level at wh& the dmnry of the suspension IS bung 
mtasurcd. cm. (For a given hvdrometa and sahmen- 
tauon cvhndcr. values vary accodng to the hydrom- 
eter rcadmgr This cfisranot IS known as effecnve 
depth (Table 2)). 

T = interval of ume from begmug of sdmenranon to 
the ralang of the rcadxng, min. 

G = spcafic g r a ~ t y  of sod pamdes. and 
GI = spenfic gxavny (rtianve dcnnty) of supendug me- 

dum (value mav be used as 1 OOO for all pracncal 
purposes) 

NOTE M-Stna S t o k  kw COIISKIQS rhc ~ c m d  vdoary of a 
nngic sphere f&ng tn an infimw of kqrud the sub dculaud repremi 
the dumna of s p h  thax would fall at the same meas the sod 
w- 

152 For convmcnct m dculanons the above equauon 
may bc wnnen as follows. 

D = K J E  
wilerc: 
K p constant dependrng on the remperanut of the suspen- 

slon and the speafir gxawty of the sod pamdcs Values 
of K for a range oftaupamm and spcatic gravines 
arc g~m in Table 3. The value of Kdoes not change for 
ascnes ofrdiqscollnnanng atest, whilevllues of L 
and Tdovary, 

153 Values of D may be computed wth sufficlcnt accu- 
e 

racy, using an ordinary 1 k  slldcrnle 

NOTE f % T h ~ v d ~ e o f L ~ ~ & ~ ~ M b y  T - t h e A - t n d B - d ~ .  
thesquur:roabang~011thCD-rc;rlewi~7~~the 
nlw ofthesquare nwxit may k muiapked by K, mathathc C-or 
a-serle 

16. Sieve Annlysis Vaines for Pomon Finer thup No. IO 

16.1 Caiculatlon of paccnragcs passmg the MI~OOS sleves 
used in sumg the pomon of the sample from tht hydrom- 
eter test involves severid steps. The Gnt step IS to Calcuiate 
the mass ofthe haon that would haw bbtn rcmrtcd on the 
No. 10 s1cve had it not been m o v e d  ThIS mass IS equal to 
the total percentage m a n e d  on the No. 10 seve (100 mus 
total percentage passng) ma the mas of the total sample 
rrprrscnted by the m a s  of sod used (as calculated in 142). 
and the result dwtded bv 100. 

16.2 Calculate next the total mass pamng the No 200 
8eve. Add together the fracuonai mass retamed on all the 
seves. includmg the No 10 aeve. axid subulln ths  sum from 
the mass of the total sample (as d&Ud in 1441. 

16 3 Calculate next the total m3sscs pasnng u c h  of the 
other sieves JZI a mane nrmlar to that pven In 122. 

16 4 Calculate lan the total percentages pamng by &- 
ding the total mass passing (as dculared In 16.3) by the 
td of umple (as dcu131~1 in 14 2). and mulupiv the 

(roo-mm) si- 

a result bv 100 

D 422 

TABLE 2 Values of E n m e  Depth b r e d  on Hybometsr and 
sedunentaoon cyilndm of specmed sued 

IMW) 
1m1 
1- 
1003 
1BO4 
1005 

1- 
lo07 
1008 
1.009 
1.010 

1-011 
1012 
1.013 
1014 
1.015 

1.016 
1017 
1.018 
1.019 
1mO 

1BZl 
1 B  
1.023 
1m4 
1.025 

1.026 
1.GW 
lo28 
1.029 
1- 

lB3l 
l a p  
1.033 
1113$ 
1.035 
1- 
1.037 
1.038 

1 6 3  
16.0 
15-8 
155 
1 5 2  
15 0 

14 7 
14 4 
142 
13.9 
13.7 

1x4 
13.1 
129 
126 
123 

121 
11s 
115 
113 
11 0 

10.7 
10.5 
102 
10.0 
!L7 

!L4 
92 
8s 
a6 
a4 

ai 
78 
7.6 
7.3 
7.0 
68 
65 
62 

0 
1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

n 
P 
P 
24 
25 

26 
27 
a 
29 
30 

163 
l&l 
16.0 
158 
15 6 
155 

15.3 
152 
15.0 
14 8 
14 7 

145 
14 3 
142 
14 0 
1 3 8  

13.7 
135 
133 
132 
131) 

1 2 9  
127 
125 
124 
1 2 2  

120 
119 
11.7 
115 
11.4 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
U 
45 

46 
47 
48 
40 
50 

51 
52 
53 
54 
55 

56 
57 
I 
59 
50 

1 1 2  
11 1 
1 0.9 
107 
10.6 

104 
1Q.Z 
10 1 
99 
97 

96 
94 
92 
91 
89 

&8 
86 
a4 
8 3  
a7 
7.9 
7.8 
7.6 
74 
7 3  

71 
7.0 
6.8 
6.6 
85 

17. Gnph 
17 1 When the hvdromcta analyss IS performed. t p p h  

92 



TABLE 3 Values of K for Use in Equaaon for Cornputrng Dtameter of Parbde In Hydrometer A n a l p  

Tcmpram specrfic Glavltyd saf Pamdss 

'C 2 45 250 255 260 265 270 2 75 280 285 

16 0 01510 0 01505 0 01481 001457 001435 001414 001394 001374 001356 
17 0 0151 1 001486 001462 001439 001417 001396 001376 0.01356 001338 
i a  001492 001467 o o i w  001421 001399 001370 001359 001339 001321 
19 001474 0.01449 001425 001403 001382 0111361 0 01342 0 1323 0.01305 

21 001438 001414 001391 001369 001318 001328 001309 001291 0.01273 
22 0 01421 0 01397 00137.1 o o i a  ooimz 001312 001294 aoins om= 
23 0.01404 0.01381 0.01358 001337 001317 001297 001279 001261 0 01243 
24 0.0130 O A I ~  0 0 1 3 ~  m3n 0.01301 0.01282 amm 0.01216 om= 
25 o o i m  0 0 1 ~ 9  o o i m  om306 o o i m  o m m  001249 ompz o.oia5 

26 001357 001334 0-01312 0.01291 001212 0.01253 0.01235 0.012l0 0.01201 
O O l m 4  0.01188 27 001342 001319 001297 o o i m  o o i w ~  001239 o o i m  

28 001327 001304 0-01283 om264 001244 0111255 001208 001191 0.01175 
29 0.01312 001290 001269 001249 001230 001212 001195 001178 0.01162 
30 001298 001276 001256 0.01236 001217 001199 001182 001155 001149 

20 001456 001431 001408 001386 001365 001344 001325 001307 0.01289 

of the M results shall be made, plomng the dlamtters of the 
paraclcs on a loganthrmc scale as the absassa and the 
percentages smaller than the correspondmg dnmctcrs to an 
anthmenc scale as the ordmatc. When the hydrometer 
analps IS not made on a pomon of the sod, the preparauon 
of the gmph IS opnonal slnce values may be secured drrrctty 
fromtabuiatcddata. 

18. Report 
18.1 The rcport shall mclude the followmg: 
18.1.1 Manmum ste ofpamclcs, 
18.12 PaanMge plsslng (or rtrarned on) each sew, 

whch may be tabukted or presented by plotbng on a graph 
(Note 16), 

18.1.3 Desaipdon of sand and gravel pamdex 
18.13.1 shapc--roundcd or anguiar, 
18 132 Harclncss-had and durable, soft, or wcathd 

and fiiablc, 
18.1.4 Speafic grav~ty, d unusually hgh or low, 
18.1.5 Any cWicuhy m dupasng the fraction pamag the 

NO. 10 (2.00-mm) SICVC, md.lcatmg any change in type and 
~ O u l l t  of d l spmlg  agent, and 

18.1.6 The -on devlce used and the length of !he 
drspaaon pen& 

NOTE I b T h u  abdanon of- m t s  the gndplon ofthe 
- P l C t c n e d L f ~ ~ ~ t h o s e c o n t y n c d ~ t h C ~ P k W C ! C  
mmvcd before taanL, the rcponrhallro state Bvmg thc aalOun1 and 
-mum stc. 

18.2 For mafenais tested for c o m p h c e  wth definxtc 
WCC~fiut~ons. the hcuons ulled for in such spcaficanons 
Shall be reported The fxacnons mailer than the No 10 stve 
Shall be read from the gmph 

18.3 For mamals for whch c o m p h c e  wth definite 
Spmfiuuons is not mdmted and when the sod IS composed 

e 

almost entlnly of pamdes passing the No 4 (475-mm) 
slew, the results read Erom the graph may be rcpontd as 
follows 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that wdl be used at the Rocky Flats 

Plant (RFP) for dnlltng and obtalnmp; samples of sod and rock from hollow-stem auger bormgs 

In general, hollow-stem auger coring mll be the preferred technique for obtanmg enwonmental 

samples of subsod and bedrock from boreholes at the RFP Other types of samples may also be 
obtamed from hollow-stem auger bormgs Thls SOP describes hollow-stem auger d r b g  and 

samplmg eqwpment and procedures, and decontammabon that wdl be used for field data colIecbon 

and documentahon rn order to attam acceptable standards of accuracy, preason, comparabhty, 

representattveness, and completeness. 

3.0 PERSONNEL QUALIFICATIONS 

Personnel overseeing drillmg operations and loggrng alluvial and bedrock matenals should be 
gmloguts unth a m m u m  of a B S or B A  degree m geology and have applicable field expenence. 

Other qualdkd personnel may d u d e  geotethcal engrneers or field t - m  wth an 

appropnate amount of field experience or on-the-job tr- under supemson of another qualtfied 

person. The personnel will be trmed to log accordmg to the RFP "reference" cores and samples 

(see SOP GT 1, Loggmg Alluvial and Bedrock Mated) 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The followmg 1s a hst of referen-w rewewed pnor D the wtmg _f tbs  procedure- 

A ComDendium of SuDerfund Field Omrations Methods EPA/540/P-87/001 December 1987 

(4011 F!EV)(GTZREV l)(W/OS/91) 
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Gllldance for Conductma Remedlal I nvesovat ions and Feasibllrtv Stuhes U nder CERCLA Interm 

Final EPA/M/G-89/004 October 1988 

RCRA Fau htv Investigation Guidance Interm Fmal May 1989 

RCRA G roundwater Monitonng Technical Enforcement Guidance Documenl EPA, OSWER- 

pSSO.1. SeDte mber. 1986, 

4.2 INTERNALREFERENCES 

Related SOPS cross-referenced by t h  SOP are 

b 

0 

0 

0 

e 

b 

0 

b 

0 

b 

SOP FO3, General Equpment Decontammabon 

SOP FO.4, Heavy Equpment Decontammahon 

SOP FOB, Handhg of Ddmg F h d s  and Cuttmgs 

SOP FO 9, Handhg of Residual Samples 

SOP GT 1, J-oggmg Alluvlal and Bedrock M a t e d  

SOP GT3, Isolahng Bedrock from Alluv~um wth Grouted Surface casing 

SOP GT 4, Rotary D h g  and Rock Comg 

SOP GT5, P l u m  and Abandonment of Boreholes 

SOP GT 6, Momtotrng Well and Piezometer Instdabon 

SOP GT 10, Borehole Clemng 

5.0 PROCEDURES FOR DRILLING AND SAMPLING 

Hollow-stem augers are one type of contmuous-fight auger used for advancmg boreholes when 

dscrete samples of the subsurface matenals are obtmed They are particularly apphcable for 

samplmg materials unth a tendency to cave m and for enwronmental samplmg The augers consist 

(4011 REV)(GFzRBv 1)(06/W/91) 
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of sect~ons of steel tubing (usually 5 feet long) wth steel hehd fhghts around the outside 

Segments of auger are added as the borehole advances, and samples are retrieved through the 

inside of the auger wthout hawng to remove the auger from the borehole dunng sampling 

With this techmque, samples dl be obtatned either wth standard spht spoon or California drive 

samplers, or wth a continuous core augering techtuque The contmuous cormg technique can 

obtam up to 5-foot-long cores m a 5-foot-long sample barrel, however, at the RFP samphng wll be 

conducted in rncrements of 2 feet to enhance sample recovery unless othemse specrfed rn the FSP 

Dnve samphng WIU normally o b t u  a 1 2  to IS-rnch-long sample dependmg on the length of the 

sampler Visual 1-g of the alluwal and bedrock matenals wdl be performed accordmg to SOP 
GT 1, Logging of Alluvial and Bedrock M a t e d  Sampling for chemical a n a l p  IS addressed rn 

tlus SOP All samplrng eqrupment WIII be protected from the ground surface wth clear plastic 

sheeturg. AU dtlllmg and sampling actmtxs w d  be conducted m accordance wth the project 

Health and Safety Plan 

5.1 EQUIPMENT AND MATERIALS 

The f o l l o w  equtpment and m a t e d  are needed for hollow-stem auger d d h g  and sod samplmg. 

Only the types of samplers requrred by the samphg speufied rn the Field Sampllng Plan (FSP) wdl 

be r q w e d  on a gtven project 

0 Drdl ng eqmpped for ddmg and samphg wth hollow-stem augers 

0 Continuous core augerrng equipment (mcludmg 2-1/2- to 3-mch wide diameter 

sample barrel smtable for 2 - f d  sample rods) 

0 Standard spht spoon sampler (ASTM D 1586) 
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0 Cabforma spoon sampler 

0 Brass (or stainless steel) California liners (Zmch-diameter) 

0 3-mch-long stainless steel volatile/semi-volatile organic analym (VOA) sample 

hner for continuous auger core barrel 

Teflon. film (cut m 4-mch x 4-inch squares) 

0 Plast~c caps for Moms and VOA hers  

0 Self-adhewe labels 

0 Ice chests (sample shuttles) 

Hlgh-pressure steamer/sprayer 

Long-handled bmtle brushes 

0 Phosphate-free lab-grade detergent (e&, bquurox) 

0 Location map 

0 Weighted tape measure 

0 Water level probe 

(4011 Rw)(o12R6v 1XOal~Pl) 
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0 D d l e d  water 

Drums for contatnment of cuttings 

0 Appropriate health and safety equipment 

8 Field book 

0 Borvlg log forms 

* 
5.2 DRILLING PROCEDURES 

Boreholes will be dnued by usmg hollow-stem augers and the samplmg equipment reqmed by the 

FSP. AU Mling eqwpment, mdudmg the ng, water tanks, augers, drrll rods, samplers, etc., will 

be decontamuated before amval at the work area ate Between boreholes, all down-hole equtp 

ment will decontanunated, and sampllng eqwpment will be decontammated between samples. 
l3qmpment will be mpected for evrdence of fuel od or hydra& system leaks (See SOP F03, 
General Eqwpment Decontanunabon, and SOP FO 4, Heavy Eqwpment Decontammahon). If 

lubncants are reqmed for down-hole eqwpment, only pure vegetable od will be used 

Before ddlmg, bomgs wdl have been located, numbered, and tdenbfied usmg stakes or spray pamt 

on paved surfaces Bmed metal objects wdl have been located by uslng geophyslcal methods, and 

uthty clearance wll have been accomphhed accordmg to SOP GT 10, Borehole Clearing 

After boreholes have been cleared and obstructtons removed, an excluson zone will be established 

accordmg to the project Health and Safety Plan, and the drd rig wdl be set up. The bormg wdl be 

advanced to the depth indmited and sampled accordmg to the FSP 
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For bonngs where enwonmental samples wdl be obtamed m the bedrock, the borehole wdl be 

drdled mto the top of the weathered bedrock prior to mtallahon of a caslng accordmg to SOP 

GT 3, Isolating Bedrock From Alluvlum With Grouted Surface Casing The bottom of the surface 

caung wdl be embedded below the weathered bedrock surface m sod bomgs accordmg to SOP 

GT3 The embedment may vary for monitomg wells accordmg to the FSP or SOPAs After 

urstalhng the casm& the bedrock wdl be dnlled and sampled by using hollow-stem augers small 

enough to fit through the casmg m boreholes deslgnated for enwonmental samphg In boreholes 

that are dded only for gcolopc l-g, hydrauhc or geotehcal testmg, or momtomg wells, the 

porbon of the borehole below the camg may be Med u s q  convenbonal rotary or rock comg 

techques (SOP GT 4, Rotary Drilling and Rock Coring) Thls wdl normally allow for the use of 

a smaller drameter surface casmg. 

It 1s anbupatcd that most or all of the weathered bedrock can be drilled and sampled by using the 

co~ltmuous hollow-stem auger coring method However, If bedrock that is sufficiently cemented to 

render ths method meff-ve is encountered in b o q p  deslgnated for enwronmental sampbg, the 

cemented zone urd be rock cored usl~g filtered au as the d d m g  medrum accordmg to SOP GT.4, 

Rotary D d m g  and Rock Coring. After the cemented zone is penetrated, the boring wdl conhnue 

wth hollow-stem auger comg, If necessary, thrs may require reaming the cored W o n  wth as- 

rotary tdmques 

The bomgs wdl be logged hthologically by exammabon and classificabon of the samples 
Documentahon wdl be completed by the ate geologst accordmg to Secbon 8 0 of thu SOP SOP 
GT 1, Loggmg Alluvlal and Bedrock Mated, describes procedures for mated classification and 

borehole 1-g 

At the first mhcation of free water on the sampler or m samples, the tune and estimated depth wdl 

be recorded However, it is frequently Wicult to determme the true water level 111 hollow-stem 

auger bormgs at the time of dnlling, particularly when m n g  in low-permeability soil or bedrock 
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53 

53.1 

Therefore, water levels wdl also be measured after dnllmg In low-permeabhty deposits, it IS 

possible for a borehole to be drllled below the groundwater level and not collect water for several 

hours or even days It IS therefore important to note moisture changes m the samples when 

evaluatmg groundwater conditions at the tune of dnllmg. Dutrng the ddmg and whde the augers 

are bemg removed, the cuttmgs and unsaved portions of samples from the bormg wd1 be 
contamerlzed according to SOP FO 8, Handhg of Dribng Flu& and Cuttmgs, and SOP FO 9, 

Handlrng of Residual Samples 

SAMPLING PROCEDURES 

Continuous Core Auger Sampling 

The conmuous cmng method advances a spht barrel that IS contamed wtlun tbe lead auger The 

augers rotate around the sampler and cut while the sample barrel IS prevented from rotating 

Contmuous core samples are collected 10 the barrel. The barrel wdl be unhed except for a 3-inch 

long d e s  steel VOA sample liner placed at the bottom end of the barrel dwectly behmd the 

cuttmg shoe Once the core barrel has been removed from the borehole, opened, scanned, and 

measured, the VOA sample liner wd Immedmtely be capped wth Teflon*-hed plast~c caps, sealed 

wth elemcal tape, labeled, and placed m a cooler wth ice In order to obtam a composite sample 

for addibonal analyses, includmg semi-VOAs, the sampler wdl be closed and placed m a safe 

location, out of the hect sun, und three consecuhve 2-foot samples have been &tamed Once the 

three consecutive samples have been obtamed, the core barrels wll be opened and each sample wdl 

then be classified, logged, peeled, composited, and placed in appropnate containers for analytical 

testmg accordmg to SOP FO 13, Contamenzmg, Presemg, Handhg, and Shppmg of Sod and 

Water Samples. Sample intervals and reqwements for comptmg are defined in the FSP or 

SOPA 
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Sample peehg wdl mvolve discarding the po-on of sample that was m direct contact wth the 

sampler Once the samples have been peeled, a hear scrapmg of the peeled samples Hnll be placed 

in a stainless steel bowl and mued wth a stainless steel lnstrument Sod particles (gravels) larger 

than the jar mouth wdl be dlscarded Peelmg and compositmg d be conducted wth separate 

decontammated stanless steel mtruments 

Samples for geotehcai testmg wd conslst of approxlmately 3/4-fded pmt-sued glass jars wth au- 

ttght hds placed m compartmented duppmg cartons deslgned to prevent breakage of the JUS. 

Sample peehg 1s not reqwred for geotehcal samples 

532 Drive Sampling 

Drivc samples wrll be obtmcd m general accordance with ASTM Deagnatton D 1586 M e r  

d d h g  to the predetermmed depth, the standard split spoon or Cabforma sampler wdl be attached 

to the end of the dnll rod and lowred to the bottom of the bo- The standard 140-pound 

hammer assembly wdl then be attached to the top of the dnll rod. The depth to the bottom of the 

sampler wdl be recorded, and reference marks at 6-mch mcrements wdl be placed on the d d  rod 

The test consub of dnving the sampler wth the standard 140-pound hammer dropped 30 mches 

When usmg the 2-inch-outslde-d1ameter (OD ) standard spht spoon sampler, drrve the sampler 

through three 6-mch mcrements (or 100 blows, wluchever occurs fust), with the sum of the last two 

mcrements bemg the Standard Penetrahon Count or Blow Count or N-value, and the first Cinch 

mcrement bemg considered as seatmg 

A W o r n  barrel wth brass (or statnless steel) hers may be subsbtuted for the standard spht 

barrel The mtegrity of the sample can generally be better mamtamed since thn-walled hers 

contmmg the sample can be removed from the barrel and sealed Since the Callfomia sampler 

is shorter than the standard spllt spoon sampler, it d be driven only 12 mches, wth blow counts 
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recorded for each 6-mch mcrement However, several blows are requlred before marlung and 

counting blows to seat the sampler 

A Cahforma barrel has a 2.5-mch 0 D and a Zmch made Qameter (I D ) Moddied W o r m a  

samplers wth larger diameters are also available The hers  for a conventional California barrel 

have a 194-mch I D Although not precisely equivalent, the blow count obtaned by usmg a Zmch 

ID Cahfornia barrel 1s frequently considered to be comparable to the N-value obtamed wng a 

standard barrel Blow counts u n g  larger samplers will not be eqwvalent, and larger hammers may 

be reqwed to dr~ve them under some con&tions 

A rope and cathead arrangement 1s generally used to obtam drive samples Automabc tnp 

hammers are sometunes used If a rope and cathead arrangement 1s used, excessive turns of the 

rope on the cathead must be avo+ ante they WIII result rn fnctK3n and drag between the rope 

and cathead Two turns of the rope on the cathead d be used and suffiaent slack m the rope 

prowded dumg hammer freefall to prevent excessive fr~ction. 

Standard spllt spoon samples saved for geotechmd testmg wdl consist of 3/4-fiued plat-& glass 

 jar^ wth hds placed m compartmented sh~ppmg cartons desped to prevent breakage of 

the jars Samples for VOA analytical testmg wdl be obtamed by plaung a 3-mch long stamless steel 

VOA sample h e r  at the bottom end of the barrel dvectly bthmd the cuttmg shoe C o m p t e  

samples for adQtional analyses, mcludmg semi-VOAs, d consst of hear  scrapes from three 

commbve peeled samples (see Subsechon 53 1) placed m containers descnbed m SOP FO 13, 

Contanermng, Presemng, Handlmg, and Shippmg of Soil and Water Samples For Califorma h e r  

samples, the geotechnical samples may be saved in the hers  wth plastic end caps 

(4011 REV)(GT" 1)(06/05/91) 
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533 VOC Sampling 

e VOC samples wll be collected from the base of every other 2-foot dnve sample from the 

ground surface to the water table 

0 A VOC sample wdl be collected in the bottom of the first drive sample below the water 

table 

0 A final VOC sample vdl be mlleaed from the base of the first drive wthur bedrock 
mmehately below the alluwal m a t e d  

0 Addtional VOC samples will be collected as follows 

If a htholwc feature or HNu readmg mdicates the possibility that anomalous 

VOC contammation exists, then a sample wd be taken at the base of the next 

dnve interval 

If the sampler IS opened, scanned and a color change, free product, or other 

physical ewdence mdmtmg the posslbhty for contaminahon IS observed III a 

location other than where a pretargeted VOC sample IS located, a 3” seaon wdl 

be immdately cut, pulled, wrapped, placed III a wde mouth jar and sealed The 

sample d be sent to the lab for subcortng and analys~~. 

5.4 BORING COMPLETION AND ABANDONMENT 

After the borehole has been advanced to its final depth, it wdl either be abandoned or completed 

as a monitonng well (see SOP GT5, Plugging and Abandonment of Boreholes, and SOP GT 6, 

Momtomg Well and Piezometer Installation) 
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The bomg location stake WIU be left 111 the ground adjacent to the borehole, and a board or other 

cover placed over the hole until it has been grouted All boreholes to be abandoned with a depth 

greater than 1 foot wll be grouted the same day that abandonment is completed The bormg 

location stake wdl then be placed m the grout 

6.0 QUALITY ASSURANCE/QUALITY CONTROL SAMPLES 

Quahty Assurance (QA) and Quahty Control (QC) acmties wdl be accomphhed accordmg to 

apphcable project plans as well as quahty requvements presented m thu SOP 

QA samples for sods fall mto five categories 

0 Dupltcate 

0 Matnx splke 

0 Matnx sprlre duphcate 

0 Equipment m t e  

0 Field blank 

SOP FOB, Contamermg, Presemg, Handl~ng, and Shippmg of Sod and Water Samples 

describes the general handbg of samples Apphcable project plans speufy QA sample frequenues 

Sample colle&on procedures wdl be the same as those described m Sechon 5 0 for duphcate, matrw 

splke, and duphcate matnx splke samples These samples are mtended to be as close to exact 

rephcates of the oripnal samples as possible They are obtained tmmedately adjacent to the 

planned samples that they are mtended to duphcate 

A msate sample from samplrng equipment is intended to check for potential contammation of the 

sample by the samplmg equlpment For the soil sampling operation, a msate sample will be 

(4011 REV)(GT2REV l)(W/OS/91) 
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collected from samphg equipment wth any hers rn place before the samphg eqmpment IS used 

Approxunately 3 liters of &tilled water wdl be rrnsed over a decontammated sampler and collected 

in a large decontaminated stainless steel bowl A decontaminated glass beaker wll be used to dip 

the water from the bowl and fill the sample bottles The nnsate samples wdl be analyzed for the 

same parameters as the sod samples 

Field blank samples are contamers filled wth clean water that are handled and moved the same as 

the other samples to ch& for potenhal cross-contammahon resdtmg from field handbg and 

movement procedures 

7.0 DECONTAMINATION 

Generalized qmpment decontammabon procedures will mdude. 

0 D w D m e n t .  Decontammabon wdl be conducted between dwdual 

sampltng pomts to rmnuntzc potenclal aoss-oontaminahon. Samphg eqwpment 

wdl be decontammated aocordq to SOP F0.3, General Eqwpment 

Decontamrnahon Dur~ng d d q g  and samphng, decontammated eqwpment WJII 

be placed on new plashc or racks untd It 1s used At least two sets of samplers 

d be avadable so that one set can be used whde the other is being 

decontamrnated 

Dnlline eauiDment Decontammation of augers, ~~III stems, d d l  bits, and other 

down-hole equipment wdl be conducted after each bonng is complete Dd ngs 

will be decontaminated when moved out of a work area or when they become 

unusually duty as a result of site or dnlhng conditions, at the dlscrehon of the site 

or project manager Decontaminahon of dnlling eqmpment is described in more 

detil in SOP FO 4, Heavy Equipment Decontamination 
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8.0 DOCUMENTATION 

All mformation required by this SOP wll be documented on the Borehole Log Form (m SOP GT 1, 

Logsing M u d  and Bedrock Matenals) and the Hollow-Stem Auger Ddmg Field Achwhes 

Report Form, Form GT 2A The Field Activlties Report Form wdl be filled out for each day of 

ddmg at a given borehole location and, in situations where more than one bormg IS drdled and 

completed per day per drdl ng, at least one form wdl be completed per bormg, The borehole log 

wdl d u d e  dormatton on subsurface mated classfication and hthologv The Field Achwhes 

Report will d u d e  the following information and have space for comments and documentahon of 

general observattons 

Project, crew, drilliag contractor and borehole identdications 

Date 

Weather 

Eqwpment descriptions (ng, bits, etc ) 

Water level 

Depth to bedrock 

Borehole depth and dmmeter 

Decontammation 

Waste types, volumes and drums used 

End-of-day status (I e ,  partnally complete, abandonment, etc.) 

Chronologd record of actmties 



\I S DEYAHTMENT OF ENERGY HOChl FLArS 1'1,AhT Forni G12A 

PROJECT NUMBER 

PROJECT NAME 

BOREHOLE IDENTIFICATION 

WEATHER CONDITIONS 

RIG TYPE 
DRILLING COMPANY/DRI LLER 
GEOLOGIST/ENGlNEER 

CREW MEMBERS 

WATER LEVEL/TIME 

TOTAL DEFT" 

DECONTAMINATION 

WASTE TYPES, VOLUMES 
AND DRUMS USED 

HOLLOW STEM AUGER DRILLING 
FIELD ACTIVITIES REPORT 

DATE 

DIAMETER OF BORING 

TYPE AND SIZE OF AUGERS 

AND BIT 

SAMPLING TYPES, DEPTHS 
I 

HAMMER SIZE 

DEPTH TO BEDROCK 

END-OF-DAY STATUS 

CHRONOLOGICAL RECORD 

OF ACTIVITIES 

COMMENTS 

a 
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2.0 PURPOSE AND SCOPE 

This standard operatmg procedure (SOP) describes procedures that wdI be used at the Rocky Flats 

Plant (RFP) for rotary drdltng and rock mmg, usmg aw and water as d d m g  medta It addresses 

equipment, field procedures, decontamination, and documentation, that vnll be used for rotary 

drlulng and r d  mmg, and describes documentation of these procedures in order to attam 

acceptable standards of accuracy, preusion, comparabhty, representattveness, and completeness 

3.0 PERSONNEL QUALIFICATIONS 

Personnel overseeing the plugpg and abandonment at boreholes WIII be geoiopts, geotechmcal 

enpeers, or field techniuans wth an appropmte amount of apphcable field expenence or on-the- 

job traumg under suprvis~on of another quahfied person. 

4.0 REFXRENCES 

4.1 SOURCE REFERENCES 

The followrng IS a kt of references rewewed pnor to the wntmg of ths procedure 

A Comoendium of SuDerfund Field Om rations Methods. EPA/540/F’-87/001 December 1987. 

Guidance for Conducting Remedial I nvestieations and Feaslbilitv Studies Under CERCLA Intern 

Final October1988 

1 i n  Intern Final May 1989 

(4011 REv)(GT4REvJ)(Os/m/91) 
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RCRA Ground-Water Momtom? Technical Enforcement Guidance Document. EPA, OSWER- 

9950 1 Washmgton D C September, 1986 

4.2 INTERNAL REFERENCES 

Related SOPS cross-referenced m thls SOP are as follows 

SOP GT 2, D n h g  and Samphg Usmg Hollow-Stem Auger Technrques 

SOP FO 4, Heavy Equpment Decontammahon 

SOP GT 10, Borehole Clearmg 

SOP F03, General Equlpment Decontammhon 

SOP FOB, Handl~ng of D d l q  Flmds and Cuttings 

SOP GT 1, 

SOP GT 6, Momtomg Well and Piezometer Installahon 

SOP GT3, Isolatmg Bedrock from the Alluwum wth Grouted Surface Casmg 

SOP GT.5, Plugpg and Abandonment of Boreholes 

Alluwal and Bedrock Material 

5.0 EQUIPMENT AND PROCEDURES 

5.1 GENERAL 

Rotary d d m g  and cormg methods that use atr or water as the drrllurg medla are common 

techniques employed to obtam strahgraphic, litholwc, hydrogeolwc, geotechmcal, and 

enwonmental data, as well as a means for momtormg well nutallation In general, hollow-stem 

oontmuous-fl@t augers wdl be the preferred t e h q u e  for ddmg boreholes to collect 

enwonmental samples of sod and rock (see SOP GT.2, Dr~ll~ng and Samphg Usmg Hollow-Stem 

Auger Techniques) The use of aw or water can alter analytical chemstry or physical property test 

results by altermg sample moisture, or by volathng contammants (m case of ax) or by washing 

(4011 REW)(OrrrW 1)(06/05/91) 
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them away (m the case of water) Usmg water when d d m g  can also alter the groundwater 

chemtstry m the wan~ty of the borehole, and needs to be accounted for dunng development of 

wells Rotary drdlmg and rock coring may be used for advancing boreholes wth or wthout 

enwonmental samplmg in zones of hard m a t e d  whch cannot be penetrated wth augers 

Samples obtamed for analytical chem&y testing wll be prepared and contamed m general 

accordance wth SOP GT2, Dr@ and Sampllng Usmg Hollow-Stem Auger T e h q u e s  In 

general, am wdl be the d d m g  mehum used when it IS necessary to penetrate cemented zones of 

rock m auger bomgs drrlled for enwonmental samplmg. Water wdl typically be used as the ddmg 

mechum when drdlmg relatively deep bedrock web and when Obtaumg rock core exclusmely for 

geologx logging. Altematwely, dual-tube air percussion or ODEX d d m g  methods usmg water or 

au  may be appropnate for some condbons. The appropnate work plan or a standard opera- 

procedure addendum (SOPA) WIII outhe dnlhng reqwrements for each project. 

Sf 

52.1 

EQUIPMENT AND MATERIALS 

General Rotary Drilling Equipment 

The followmg 1s a ltst of eqwpment and matenals for rotary ddmg 

Drill ng mth appropnately sized drd bits and rods 

Portable reurculation tanks for water rotary 

Preapproved water for water rotary 

Conveyance equipment (pumps and hoses) 

Au compressor wth appropnate atr filter(s) 

High pressure steamer/sprayer 

Wash/mse tubs 
Weighted tape measure 

(4011 REV)(GT4REW 1)(06/(15/91) 
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0 Phosphate-free, lab grade detergent (e g , Liqumox) 

Appropriate health and safety equipment 

Drums for contauunent of cuttmgs and flu& (SOP FOS, HandIing of D d h g  

0 Water level probe 

0 

0 

Flwds and Cuttmgs) 

0 Bormg log form 

0 Field actmhes report form 

0 P m t - d  plasttc bottles wth screw caps for cut- (SOP GT 1, Loggmg AUuwal 

and Bedrock Mated) 

5.23 Supplemental Equipment for Rock Coring 

Addhod uppment for rock coring WLU consist of the foUowmg 

53 PROCEDURES 

Core barrel assembly 
Wire b e  or core rods 

coring log forms 

Core boxes wth wooden blocks 

Measmg tape 

Camera (photography IS secunty controlled at Rocky Flats Plant) 

Core barrel rack 

Plashc wrap for core 

Marlung pen, black, permanent 

Boreholes wdl be drilled using a rig equipped with rotary dding equipment capable of advancing 

the borehole to the depth spedied in the Field Sampling Plan (FSP) All drdmg equipment, 

(4011 REv)(oTIRBv 1)(06/05/91) 
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mcludmg the ng, water transportation tanks, bits, and drdl rods, wll be decontammated accordmg 

to SOP F04,  Heavy Equipment Decontamination and SOP F03, General Equipment 

Decontamination These decontammation procedures wl1 also be followed between boreholes for 

downhole eqwpment and between work areas of ddferent contammant characterization for the 

drdhng rig Drdling equipment wdl be inspected to ensure that hydrauhc system and fuel leaks do 

not mtroduce organic contamination on ate or mto the borehole Any leaks that may introduce 

such contaminahon wdl be repared before drdlmg. Only pure vegetable od products may be used 

to lubricate downhole d d h g  and samphg eqwpment 

Borehole locat~ons wdl be cleared before drdlmg, accordmg to SOP GT 10, Borehole Clearing. 

Drdl cuttmgs and flurds urlll be handled accordmg to SOP FOB, Handhg of D d b g  Flurds and 

Cut- Boreholes wdl be abandoned accordmg to SOP GTS, Pluggmg and Abandonment of 

Boreholes All procedures will be conducted accordmg to the apphcable Health and Safely Plan 

Project-speufic requuements d be addressed m a SOPA 

531 Rotary Drilling Techniques 

Convembonal rotary d d m g  m v o k  the mtrduction of a d n h g  m d u m  (flurd) lnto the borehole 

through the drdl rods and urcdation of the mdum back up the hole to remove dnll cuttmgs The 

hole is advanced by the cuttmg achon of a rotatmg d d  bit at the bottom of the hole Reverse 

arcdabon methods are slmdar to convenhonal rotary methods, except that the d d i g  medtum is 

mjected down the annulus between an m e r  and outer double casmg and returns back up the mide 

of the m e r  mung. Some reverse cvculatton methods use rotary techniques, some use non-rotatmg 

percusson techmques, and some use a combination of the two Samples of cutttngs obtruned when 

rotary drilling to be saved for geoteehmal testmg or future geologrc reference wdl be placed m 
pmt-smd plastic jars wth screw-on tops and saved m core boxes 

(4011 REV)(GFIREv IXOa/a5/91) 
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53.1.1 Water 

Water used for rotary drilling wll consist of RFP potable water Water transportation tanks and 

conveyance eqwpment wrll be contammant-free and debcated for the use wth preapproved water 

to ensure that the preapproved water mtroduced mto the borehole is also contaminant-free 

Portable decontaminated water reclrculation tanks wll be used for rotary operations Excavated 

sumps or pits (lined or udmed) wdl not be used Decontammation of tanks and conveyance 

eqwpment wdl also be conducted m accofdance wth SOPFO3, General Eqwpment 

Decontammabon and/or SOP FO 4, Heavy Eqwpment Decontammabon 

53.16 Air 

Convenbonal air compressors used for air rotary methods contain od for lubncatmg m m g  parts 

and compress au and oil m them operabon To avoid mtroduung contamumts mto the borehole, 

a fdtrabon system deslgaed to provlde od-free au and approved by EG&G wdl be used Dependmg 

on the requirements of the partdar  project, such a system may collslst of an air-cooled aftercooler, 

a regenerative dryer, a coalescing filter, and a partidate afterfilter, all arranged in senes The 

parbdar filtrabon system dmgn wdl depend on the compressor equipment, the p r o w  

reqwements, and anbapated ambient con&bons The fdtrabon system wdl be matched 

appropnately to the compressor's capacity so that the reducbon m the flow of aw to the d d m g  

equipment IS tolerable The filtration system components wdl be changed or momtored according 

to the reqwements of the des- durrag operabon and a record of ths kept on the field adwties 

report form (see Section 7, Documentation) 

Dust control measures may also be requued accordtng to the Field Operahons Plan (FOP) and 

Health and Safety Plan (HSP) The =borne hpersion of cuttlngs can be controlled to some 

extent by cuculatmg the return am through a vortex or cyclone 

(4011 REV)(GT4REV 1)(06/05/9l) 
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533 RockConng 

Contmuous core samples collected using rock coring methods can be used to obtam relatively 

undsturbed samples of rock for stratlgraphtc, hthologtc, hydrogeologic, and enwonmental data 

Convenbonal rock cormg methods use a diamond comg bit mstead of a conventional tricone or 

granular rotary bit 

Contrnuous core samples wd be extracted from the core barrel, placed on core racks, and logged 

by a geolopt amrdmg to SOP GT 1, Loggmg AUuvlal and Bedrock M a t e d  Rock core to be 
saved for geotechmcal testrng or further geologtc observat~ons unll be placed m plashc core wap 

and then placed 111 core boxes wth approprtately d dmders to protect and preserve the 

onentabon of the core during movement and storage coring eqwpment unll also be 
decontaminated according to SOP F03, General Equipment Decontamination 

h or water dnhg meda used for corq must be contarmnant-free Therefore, the provmons 

reqwcd m Subsechons 53 1 1 and 53 12 for dtrlling Qmds also apply to rock cow procedurts. 

6.0 DECONTAMINATION 

Generalized eqmpment decontamination procedures will include 

0 Samdmn eautpment Decontammahon wdl be conducted between mdmdual 

samphg pomts to mmmm potential cross-contammahon Samphg equipment 

wdl be decontamlnated accordmg to SOP F03, General Equipment 

Decontammation Durrng drilling and s a m p b  deumtamrnated eqmpment wdl 

be placed on new plastic sheetmg or racks untd it IS used At least two sets of 

samplers wll be avadable so that one set can be used whde the other is bemg 

decontammated 

(4011-REV)(QT4REV 1)(06/06/91) 
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Drilline eauipment Decontammation (augers, drrll stems, dd l  bits, and other 

downhole equipment) wll be conducted after each bormg 1s complete The ddl  

rig wll be decontammated when moved to a new work area that has a dlfferent 

contammant charactermhon Decontammation of d d h g  equrpment 1s desmbed 

in SOP FO 4, Heavy Equipment Decontamrnation 

7.0 DOCUMENTATION 

AU mformahon reqwed by thu SOP wdl be documented on the Borehole Log Form (m SOP GT 1 

Logslng Alluvaal and Bedrock Matenals) and the Rotary/Core Ddmg Field Actmties Report 

Form, Form GT 4 The Field Actiwties Report Form wdl be filled out for each day of d d h g  at 

a gwen borehole locatron and, in srtuations where more than one boring is drilled and completed 

per day per dnll ng, at least one form wdl be completed per b o ~ g .  The borehole log wd mdude 

dormation on subsurface matenal classification and itthology Informahon on core length, core 

loss, percent of recwtTy; core breakage due to dswntmwhes, total core breakage; and rock 

classltication and lithology will be recorded on the log form The Field Acttvahes Report wdl 

d u d e  the following information and have space for comments and documentabon of general 

observahons. 

Project, and borehole identlfcahons 

Weather 

Equipment conditions descnptions (rig, bits, etc ) 

Personnel 

Drilling flmd used 

Ddmg flwd return/loss and pressures 

Sampling mformation 

Waste disposal information 

Water level 

(4011 REv)(GT4RBv 1)(06/07/!x) 
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0 Borehole information 

0 Compressor/pump type 

0 End-of-day status (I e ,  partially complete, abandoned, etc ) 

Log check ltst (for each core run) 
0 Chronologd record of actiwties 

0 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the 

Rocky Flats Plant (RFP) for installing monitoring wells and open-pipe piezometers This 

SOP describes the equipment for drilling, field procedures, well material specifications, 

and decontamination procedures that will be used to install and document monitoring wells 

in order to attain acceptable standards of accuracy, precision, comparability, 

representativeness, and completeness 

3.0 PERSONNEL QUALIFICATIONS 

Personnel overseeing the installation of monitoring wells and piezometers will be 

geologists, geotechnical engineers, or field technicians wth an appropriate amount of 

applicable field experience or on-the-job training under the supermion of another 

qualified person 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure 

A Compendium of Superfu nd Field ODerations Met hods EPA/540/P-87/001 December 

1987. 

Guidance for Conductine Remedial Investieations and Feasibilitv Stud ies Under CERCLA 

Interim Final. EPA/540/G-89/004 October 1988 

(4011 REV)(GT6RBv 1)(06/06/91) 
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RCRA Facilitv Investination Guidance Interim Final May 1989 

RCRA Groundwater Monitorine Technical Enforcement Guidance Document 

OSWER-9950 1, Washington D C , September, 1986 

EPA, 

4.2 INTERNAL REFERENCES 

Related SOPS cross-referenced in this SOP are as follows 

e 

0 

SOP FO 15, Use of PIDs and FIDs 

SOP FO 16, Field Radiological Measurements 

SOP FO 3, General Equipment Decontamination 

SOP FO 4, Heavy Equipment Decontamination 

SOP GT 1, Logging Alluvial and Bedrock Material 

SOP GT 2, Drilling and Sampling Using Hollow-stem Auger Techniques 

SOP GT 3, Isolating Bedrock from the Alluvium with Grouted Surface 

Casing 

SOP GT 4, Rotary Drilling and Rock Coring 

SOP FO 8, Handling of Drilling Fluids and Cuttings 

5.0 EQUIPMENT AND PROCEDURES FOR MONITORING WELL AND PIEZOMETER 
INSTALLATION 

Groundwater monitoring wells and open-pipe piezometers (observation wells) will be 
constructed in boreholes drilled and logged according to SOP GT 2, Drilling and Sampling 

Using Hollow-Stem Auger Techniques, or SOP GT 4, Rotary Drilling and Rock Coring, 

and SOP GT 1, Logging Alluvial and Bedrock Material The construction of monitoring 

wells is the same as that used for piezometers The distinction between wells and 

(4011 REV)(GT6REV 1)(06/06/91) 
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piezometers is based on the intended use Wells are used for obtaining samples of 

groundwater while piezometers are intended only for water level measurements If 
different types of piezometers are required (e g , isolated electronic or pneumatic 

piezometers), they will be addressed in another SOP or in a standard operating procedure 

addendum (SOPA) All drilling and sampling equipment and materials will be protected 

from the ground surface with clear plastic sheeting or will be placed on clean drill racks 

Personnel installing monitoring wells need to be cognizant of the many factors influencing 

the screened intervals selected for wells For example, water table wells should have 

screens of sufficient length at the appropriate depth to monitor the water table Wells 

with slow recharge should have sufficient screen area to allow adequate sample volume 

However, long screened intervals should generally be avoided since they are of limited 

value for characterizing discrete zones of contamination. 

Selection of well screen intervals may also depend on the suspected presence of light or 

dense immiscible layers of contaminants floating on the water table or residing at the 

bottom of a hydrostratigraphic unit (HSU) Screened intervals across different HSUs 
should generally be avoided particularly where there is a potential for cross-contamination 

between HSUs to occur 

These factors must be addressed during project planning and the Field Sampling Plan 

(FSP) will normally provide rationale for the planned sampling Personnel installing 

monitoring wells should be familiar with the FSP and the rationale used in determining 

well screen intervals 
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5.1 EQUIPMENT AND MATERIALS 

The following is a list of equipment and well materials for well installation 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Drill rig with appropriately sized drill bit augers, and/or rods 

High pressure steamer/sprayer 

Sand bailer 

Long-handled bristle brushes 

Wash/rinse tubs 

Phosphate-free, lab grade detergent (e g , Liquinox) 
Weighted tape measure 

Water level probe 

Distilled water 

Drums for containment of cuttings 

Appropriate health and safety equipment 

Field book 

Location map 

Boring log form 

Groundwater observation well report 

5.2 DRILLING PROCEDURES 

Boreholes for wells will be drilled by using a drill rig and drilling method capable of 

completing the well to the depth specified in the FSP All drilling equipment, including 

the drill rig, water tanks, and all down-hole equipment wdl be decontaminated according 

to SOP FO 3, General Equipment Decontamination and SOP FO 4, Heavy Equipment 

Decontamination The same decontamination procedure will also be followed between 

boreholes 

(4011 REV)(GT6REV 1)(06/06/91) 
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Before drilling, test borings/wells wll have been numbered, located, and identified by 

using stakes, or nails with flagging, on paved surfaces Drilling locations will be cleared 

for buried metal objects and utility interference according to SOP GT 10, Borehole 

Clearing Boreholes will be advanced from the ground surface to a predetermined target 

depth given in the FSP Boreholes drilled for wells will be logged stratigraphically by 

examination of the sample cuttings or core samples according to SOP GT 1, Logging 

Alluvial and Bedrock Material 

If hollow-stem augers are used for alluvial wells, the boreholes will be augured as little as 

possible into claystone bedrock (apprommately 6 inches or less), since the claystone 

bedrock cuttings may tend to be smeared along the side of the borehole in the alluvium 

Therefore, after the augers have been advanced to the bedrock contact, an appropriately 

slzed drive sampler will be driven 2 feet into the claystone bedrock to prowde a pilot hole 

for a 2-foot deep sediment sump The sediment sump wll be a 2-foot-long piece of blank 

casing installed immediately beneath the screen in all wells The pilot hole will have a 

diameter no more than 1-inch greater than the outside diameter (OD) of the casing. 

During the drilling process, the center bit will be removed slowly to prevent sand from 

entering (blowing into) the bottom auger In the event of sand blow-in, RFP potable water 

may be added to the inside of the augers to equalize the hydrostatic pressure of the 

formation water A record of the amount of water placed in the well will be kept so that 

it can be taken into account during well development 

The inside diameter (I D ) of the augers will be approximately 4 inches or more larger 

than the outside diameter (0 D ) of the casing, resulting in a 2-inch annulus around the 

casing Similarly, a 2-inch annulus will be provided around well screens and casings when 

wells are constructed in open portions of boreholes In open-hole installation (wells 

constructed in uncased boreholes), the use of stainless steel casing centralizers will be 

(4011 REV)(GT6REV 1)(06/06/91) 
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required to ensure the 2-inch annulus is maintained Centralizers should be prowded 

above and below the well screen, but not within the bentonite seal Depending on the well 

depth and diameter, centralizers may also be required at intervals along the riser to 

provide a 2-inch grout annulus When hollow-stem augers are used, centralizers will only 

be required if the auger flights are not a sufficient size to ensure a 2-inch minimum 

annulus dimension on all sides of the screen 

During the drilling operation, the cuttings and formation water from the boring will be 

placed in waste drums if required (see SOP F08, Handling of Drilling Fluids and 

Cuttings) 

Single-cased wells will be used in the alluvlal/unconfined aquifer Double casing will be 
required for bedrock wells installed in areas of potentially contaminated alluvlal 

groundwater Surface casing wlll be installed through the alluwum according to SOP GT 3, 

Isolating Bedrock from the Alluvlum with Grouted Surface Casing. 

Boreholes for alluvlal and bedrock wells wdl be drilled according to SOP GT.2, Drilling 

and Sampling Using Hollow-Stem Auger Techniques or SOP GT 4, Rotary Drilling and 

Rock Coring 

53  WELL MATERIALS AND INSTALLATION PROCEDURES 

53.1 Materials 

53.1.1 Well Casingg 

Well casings will consist of new, threaded, flush-joint schedule 40 poly-vinyl chloride 

(PVC) unless another type of casing ( e g ,  stainless steel) is required by the FSP or a 

(4011 REV)(GT6REV 1)(06/06/91) 
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SOPA The well casing will extend from the top of the well screen to approximately 2 feet 

above ground surface The tops of all well casings will be fitted with slip-on or threaded 

PVC caps which can be easily removed by hand All joints within the casing string will be 

threaded Heat-welded joints, solvents, and/or gaskets will not be used Polytetra 

fluoroethylene (PTFE) tape will be wrapped around the joint threads to improve the seal 

All well casings will be free of foreign material and will be steam cleaned with approved 

water before use Steam-cleaned casings will be stored in plastic sleeves prior to use 

Casing with stamped or stenciled nomenclature will not be used 

53.13 Well Scree ng 

Well screens will consist of new threaded PVC pipe (unless another material [e.g, 

stainless steel] is required by the FSP or a SOPA) with 0 010-inch factory-machined slots 

or wrapped screen All well screens will have an I D equal to or greater than that of the 

well casing The wall thickness of PVC screen will be the same as that of the well casing 

A 2-foot deep sediment sump will be used beneath the screen A threaded cap or a slip-on 

cap secured with stainless steel screws will be provided at the bottom of the sump. Well 

screen with stamped or stenciled nomenclature will not be used 

53.13 Filter Pack 

The filter pack material will be chemically inert, rounded, silica sand of appropriate size 

for the well screen and host environment Grain size analyses of the unconsolidated 

formations underlying the site have indicated a 16-40 gradation is appropriate and will be 

used on the site unless the FSP or SOPA indicates otherwise The filter pack wl1 extend 

approximately 2 feet above the top of the screen unless otherwise specified The final 

depth to the top of the filter pack will be measured directly by using a weighted tape 

(4011 REV)(GT6REV I)(W/W/91) 
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measure and not by using volumetric calculation methods 

recorded 

The volume placed will be 

53.1.4 Bentonite Sea I 

A bentonite seal will be installed above the filter pack The seal will consist of a layer of 

commercially available bentonite pellets that is at least 3 feet thick when measured 

immediately after placement, without allowance for swelling 

53.13 Jkntoaite Grout 

The annular space between the well casing and the borehole will be grouted from the top 

of the bentonite seal to ground surface. The grout will consst of high-solids reduced pH 

bentonite grout (American Colloid Pure Gold or approved equivalent) muted in a powered 

mechanical grout muter according to the grout manufacturer’s recommendations. The 

grout wdl contatn at least 30 percent solids by weight and have a minimum density of 9.9 

pounds per gallon after mlxing The density unll be checked unth a mud balance. 

Grout will be placed outside of the monitoring well casing using a side-discharge tremie 

pipe located just above the top of the bentonite seal The grout will be pumped through 

the pipe until undiluted grout flows from the annular space at the ground surface The 

tremie pipe will then be removed and more grout added to compensate for settling After 

24 hours, the site will be checked for grout settlement and more grout added to fill any 

depressions The total volume placed will be recorded 

(4011 REV)(GT6REV 1)(06/06/91) 
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533 Installation Procedures 

53.2.1 Alluvial Piezometer and Monitoring Well Installation 

Figure GT6-1 shows a schematic diagram of the lower portion of an alluvial well 

completion Monitoring well installation will begin after formation water and fine grained 
sediment have been bailed using a sand bailer until the water IS relatively clear and free 

of sediments If granular soils do not blow into the bottom auger, raising the augers 1 to 

2 feet above the bottom of the hole can help with the removal of muddy water from 

outside of the augers This wl1 not work if the hole bottom caves or blows in ' m m  

The borehole depth will then be measured to the nearest 0 1 foot, and the well assembly 

unll be measured to  the nearest 0.01 foot The portion of the well casing cut off at the top 

unll be measured and subtracted from the total length supplied to determine the total well 

assembly length 

I 

Once the well assembly is in place, the filter pack unll be added slowly to the zone below 

the water level in the borehole by tremie pipe If filter pack material is placed in wells 

above the water level in the borehole, a tremie pipe will not be required inside of hollow- 

stem augers A tremie pipe wl l  be required for all filter placement in open hole 

completions Similarly, the 

augers will be raised in 1- to 2-foot increments so that the sand level is always at or  

slightly above the bottom of the augers Depth measurements of the top of the filter 

material will be taken continuously in the well annulus as the filter is placed The final 

depth to the top of the filter pack will be approximately 2 feet above the top of the well 

screen and will be directly measured by a weighted tape measure The weight on the 

measure tape will be stainless steel in the event that it accidentally becomes embedded in 

the filter pack If bridging of the filter material occurs in the well annulus or tremie pipe 

The filter pack will be added in 1- to 2-foot increments 

(4011 REV(GT6REV l)(W/W/91) 
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during placement, the bridged material will be broken loose mechanically by shaking 

augers and/or well assembly Bridged material in the annulus may also be broken loose 

by probing with a 1-inch-diameter tremie pipe If both of these methods are unsuccessful, 

distilled water may be pumped through the 1-inch tremie pipe to dislodge the bridged 

material. A record of the amount of water placed in the well will be kept so that it can 

be taken into account during well development The volume of filter material placed will 

also be recorded 

A minimum 3-foot bentonite pellet seal (before swelling) will be installed immediately 

above the filter pack If the bentonite pellet seal will be placed below the water table, it 

will be installed through a tremie pipe The bentonite pellets wll  be added slowly to 

reduce the chances for bridging of the pellets inside the tremie The augers wrll be raised 

approxlmately 1 foot above the filter pack prior to adding the bentonite pellets The top 

of the bentonite seal should never be above the base of the augers If the bentonite seal 

is placed above the water level in the borehole, the pellets may be allowed to free-fall into 

the borehole if hollow-stem augers are being used The bentonite wdl be hydrated using 

5 gallons of distilled water after the base of the augers are raised approximately 1 foot 

above the top of the bentonite seal The completed bentonite seal will be allowed to 

hydrate for approximately 30 minutes before proceeding with the grouting operation 

Bentonite grout backfill wll  be placed from the top of the bentonite seal to the ground 

surface The grout mixture will conform to the specifications outlined in Subsection 

5 3 1 5 ,  Bentonite Grout The grout will be tremied into the well annulus using a side- 

discharge tremie until it is completely full The volume of grout placed will be recorded 

The well casing will be checked for plumb by use of a weighted tape lowered from the 

center of the casing If the tape touches the side of the casing prior to reaching the 

bottom, the casing will be shifted as much as possible to a vertical alignment and held in 

place while the grout sets up and hardens After settlement of the bentonite grout has 

(4011 REV)(GT6REV 1)(06/06/91) 
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been allowed for 24 to 48 hours, the protective steel casing will be embedded in cement- 

bentonite grout or nonshrink concrete The cement-containing grout will occupy the upper 

1 1/2 to 3 feet of the well annulus to anchor the protective casing This may require 

removing some of the bentonite grout from the upper 1 1/2 to 3 feet of the well annulus 

If the upper grout surface is dehydrated, it will either be removed or rehydrated by adding 

water and waiting approximately 30 minutes 

5366 Bedrock Piezometer and Monitori ng Well Installation 

Figure GT6-2 shows a schematic diagram of the lower portion of a bedrock well 

completion Bedrock piezometers and monitoring well installations will be similar to the 

alluvial well installation procedures except that a surface casing will be provided through 

the allumum to guard against potential cross-contamination of bedrock aquifers by 

contaminated alluvial groundwater The surface casing will extend from the ground 

surface to at least 3 feet below the bedrock alluvium contact This casing will be installed 

according to SOP GT.3, Isolating Bedrock from the Alluv~um mth Grouted Surface Casing 

If rotary drilling methods (see SOP GT 4, Rotary Drilling and Rock Coring) are required, 

the installation procedures will be similar except that the well may be completed in an 

open hole instead of inside of hollow-stem augers The well string will be suspended 

approxtmately 2 inches above the bottom of the borehole prior to installing the filter pack 

This will reduce bending of the well assembly and minimize the potential for collapse of 

the casing due to the weight of fluid in the annulus Stainless steel centralizers will be 

placed at 20-foot-maximum spacing for wells completed in open holes 

(4011 REV)(GT6REV 1)(06/06/91) 
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5333 Well Features at Ground Surface 

Figure GT 6-3 shows a schematic diagram of well features at the ground surface A 5- 

foot-long protective steel casing with a hinged and locking steel cap will be installed over 

the monitoring well riser that projects above the ground surface between 24 and 48 hours 

after initial grout placement The protective casing will have a minimum &inch I D for 

4-inch wells and a minimum 6-inch I D for 2-inch wells The well designation will be 

welded on the protective casing 

The bottom of the protective casing will be embedded 2 to 3 feet below the ground surface 

in concrete or cement grout Prior to installing the protective casing, the well wll be 

checked for alignment by lowering a 5-foot-long, 1 1/2-inch diameter bailer down the 

entire depth of the well If the bailer hangs up, the EG&G project manager wll decide 

whether or not the well needs to be reconstructed. 

The annulus between the well riser and the steel protective casing wll be filled wth 

nonshrink cement grout or concrete to a minimum of 12 inches above the ground surface, 

and a l/Cinch-diameter hole wll be drilled in the protective casing just above the grout 

or concrete surface to allow drainage 

At the same time the protective steel casing is grouted or concreted in place, an external 

concrete collar approximately 3 feet square will be placed around the protective casing at 

the ground surface The well designation will be scribed in the concrete before it sets. 

The collar will be graded to slope away from the casing in all directions 

When traffic conditions or vegetation warrant extra protection, four 3-inch-diameter steel 

posts will be installed The posts will be located radially from the well casing at a distance 

(4011 REV)(GT6REV 1)(06/06/91) 
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of approximately 4 feet They will be embedded in concrete 3 feet below the ground 

surface with a minimum of 3 feet sticking up above the ground Installation is required 

within 48 hours of well installation In areas of high vegetation, the posts will be flagged 

6.0 DOCUMENTATION 

The installation of monitoring wells and piezometers will be documented on groundwater 

monitoring well and piezometer report forms Drilling information will be documented 

on Rocky Flats Plant Borehole Log Forms (SOP GT 1, Logging Alluwal and Bedrock 

Material) and on hollow-stem auger or rotary and core drilling field activities report forms 

(SOPs GT 2 and GT 4) Besides the drilling and borehole information required by these 

other SOPs, the followng documentation will be recorded on the Groundwater Monitoring 

Well and Piezometer Report Form, Form GT.6A. Location references wdl use the State 

Plane Coordinate System and elevations will be feet above mean sea level (USGS datum) 

e 

0 

0 

0 

0 

0 

0 

e 

e 

e 

0 

Elevation of ground surface 

Elevation of top of surface casing/riser pipe 

Height of top of surface casing/riser pipe above ground surface 

Depth of surface seal below ground surface 

Type of surface seal 

Type and size of surface casing 

Depth of surface casing below ground 

Types/depths of centralizers 

Type and size of riser pipe 

Diameter of borehole 

Depth of borehole 

Type/volume of backfill 

Elev /depth top of seal 
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Type of seal 

Elev /depth bottom of seal 

Type/volume of filter pack 

Depth of top of filter pack 

Elev /depth top of screened section 

Type of screened section 

Screen openings 

I D of screened section 

Elev /depth of bottom of screened section 

Length of blank section below screen 

Elev /depth of bottom of plugged blank section 

Elev /depth of bottom of sand column 

Type of backfill below observation pipe 

Elev / depth of bottom of hole 
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2.0 PURPOSE AND SCOPE 

This standard operatmg procedure (SOP) describes procedures that wdl be used at the Rocky Flats 

Plant (RFP) for clearing 6.1 sites and lntruslve work sites wthm Indrvldual Hazardous Substance 

Sites (IHSSs) Geophysical clearing wll be implemented to ensure that selected locations are free 

of buried metal objects to a depth of 18 feet and metal utlllty h e s  Th~s SOP descnbes 

geophysical, administrative clearance techniques, and geophysical data reduction and analyses that 

wdl be used for field data collection and documentation 

The geophysical techmques that are employed rnvolve electromagnebc (EM) techruques, a magnehc 

locator, and ground penetrahng radar (GPR) EM and magnehc surveys can be used for identlfylng 

areas where subsurface metal objects mlght be located The tecluuques mdtcate contrasts m 

ccmdthons due to variahons rn the electrtcal conducttwty or magnehc properbes of subsurface 

matenals. GPR IS useful for detection of shallow vanahons rn the subsurface helectnc constant 

A magnehc locator can be used when the cleatvlg depth-of-mterest IS 18 mches or less EM 
techniques and a magnetic locator wdl both be used when the clearq depth-of-mterest IS deeper 

than 18 rn&es Generally, GPR IS appllcable to depths of 0-6 feet at the RFP Ute 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

Oversight and supemsion of the geophysical surveys d be conducted by EG&G personnel Project 

staff performing these surveys wd1 be tramed geophysmts or tramed personnel wth a sgdkant 

amount of geophysical field expenence The subcontractor‘s project manager wdl document 

personnel quahfimons related to thls procedure rn the subcontractor’s project QA files 

The subcontractor’s project manager IS responslble for obtauung admmktrative borehole clearance 

(4011 REV)(GTIOREV 1))(0607-91) 
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4.0 REFERENCES 

4 1 SOURCE REFERENCES 

The followng is a list of references rewewed pnor to the wnting of this procedure 

A Compendium of SuDerfund Field Operations Methods EPA/540/P-87/001 December 1987 

8 Intenm 

Final October1988 

RCRAFaul itv . I n v e s w  ion Gu idanw EPA. Intern Final May 1989 

4 3  IrnRNAL REFERENCES 

GT 18 - Surface Geophysical Surveys 

5.0 GEOPHYSICAL EQUIPMENT AND PROCEDURES 

5.1 INTRODUCTION 

Borehole clearing, usmg geophysical methods, WJII be employed wthm an IHSS where burred 

trenches are known to exist or where buried metal may be present Surface geophysical surveys 

have been conducted at the RFP Research of these prevlous geophysical surveys should be 
exhausted pnor to conductmg the followmg procedures 

4 
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Instruments used for geophpcal clearing wdl be recalibrated and recerflied, d requred The date 

of the manufacturer's last calibrahon and cerMicahon WIU be documented on the Borehole Clearmg 

Analysis Form (Form GT 1OA) 

Each instrument ~ 1 1 1  have a field calibration check pnor to and after field use Personnel 

performing the field calibration check should refer to the manufacturer's mtructions An example 

of a field calibration check would be to use the instrument over a known buried object If the 

instrument does not respond appropriately, the mtrument should be returned to the manufacturer 

for recahbrahon and recerttficatron 

Geophysical methods have hmitahons which must be comdered when unplementmg a geophysical 

s m y  In some mnstances, the Itmitahons may be suEticlent to make the geophysical results 
ambiguous or non-conclwve Therefore, it IS mperahve that an expenenced gtophyslcal operator 

conduct the cleamg of boreholes 

Elcctrornagnetxs, magnetics, and GPR are duenced by surface cultural featurw such as fences, 

power ha, and met& deb= These cultural effects can be nubgated by the use of a dwaonal 

magnets locator, wh~cb responds to a magnehc gradent However, If borehole clearing 1s bemg 

performed wtthin 40 to 50 feet of a cultural feature, rehable geophpcal de- may be &fficult 

to aheve In cases where a ate cannot be definihvely cleared, the locahon should be moved to 

the nearest clearable locabon 

5.2 ELECTROMAGNETICS 

An EM survey can be used to detect ferrous and nonferrous metals as well as areas of high 

morgamc contamination "his method involves the mduction of electrical current mto the ground 

A small alternatmg current passing through a transmitter cod produces a pnmary magnetx field 

Through mductive coupling, the primary magnetic field produces small eddy currents m the 

(4011 REv)(GTlOREv l))(wm-91) 
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subsurface whlch, in turn, create thew own secondary magnehc field The receiver cod senses both 

the primary and secondary fields This results m an output voltage that IS linearly related to the 

terrain conductivlty The instrument then converts the voltage to a ground conductivlty value whch 

can be recorded by a stnp recorder or &@tal logger Electrical conductivlty 1s a funmon of the sod 

or rock composition, the porosity and permeability of the rock umts, and the conductivlty of the 

fluids filhng the pore spaces The conductivlty values are subsequently plotted on a map so that 

their variation over the site can be analyzed 

A Geomcs EM-31, EM-38, or eqwvalent ground conductivlty meter be used for the EM 

surveys. Through the use of the homntal &pole mode (HDM), the EM-31 has a depth 
penetration to 9 feet When deeper penetration 1s requued, the vemcal &pole mode (VDM) wdl 

be used 111 addihon to the HDM Thts sctllano wdl prowde hgh resolutron detechon of objects to 

9 feet and wdl allow detmon of larger metal objeds to 18 feet The slze of a metal object that 

can be detected 6 proporhonal to the depth of burial. For shallow investqahon (less than 9 feet), 

the HDM provides the greatest resoluhon and can normally detect objects as small as a 1-foot 

length of rebar. By momtomg the m-phase component of the duced magaehc field, small 

amounts of subsurface metal can be detected. For Eugh-redutron of depths less than 5 feet, the 

EM-38 can be used. Table GT 10-1 summarazes lnstnunent modes and apphcabons 

Jnstrument 

EM-31 

Table GT 10-1 
EM INSTRUMENT MODE APPLICATION 

Approximate Sue of 
I!&!& Deoth of Penetration (ft) Detected O b i e c  

HDM 
VDM 

9 
18 

1-foot piece of rebar 
Steel drum 

EM-38 HDM 
VDM 

2 5  
5 

(4011 REV)(GTIOREV 1))(0641-91) 



BOREHOLE CLEARING 

5-21200-OPS EG&G ROCKY FLATS PLANT Manual: 
EMAD MANUAL OPERATION SOP Procedure No : GT.10, Rev. 1 

Page: 7 of 16 
Effective Date. June 10,1991 

Category 2 Organization. Environmental Management 

I I a 

52.1 List of Necessary Equipment 

The followg is a list of equipment that wll be necessary to complete the EM survey 

0 

0 

A Geonics EM-31, EM-38, or equivalent terrain conductinty meter 

Digtal logger and/or analog strip recorder (when data collection 1s over large gnd 

area) 

Appropnate health and safety equpment 

Wood stakes or lath 

f l a w g  
Field notebook 

Pens wth nonwater-soluble urk 
Form GT lOA, Borehole Cleamg Analysis (see Section 7 0, Documentation) 

522 Field Procedure 

A standard field procedure for conductmg an EM survey 1s mtiated by a reconnrussance survey of 

each d d l  site The survey wll involve a renew of exlstmg magnebc data at the Ute, a renew of the 

site uthty plans, an acknowledgement from the telephone and uthty site locators that the site is 

clear of these utdities, and a field check for overhead wres, pipes, or other objects that may restnct 

drillmg operations Note surface conditions of site on Form GT10A (see Secbon 70, 

Documentation) includmg excessive and/or large metal objects on the ground surface and large 

vanabons m topography Followmg the instrument manufacturer's mstructtons, Irutmte slte survey 

traverse on an appromate 1-foot gnd, clearing a minimum of 6 feet around the ddling location 

stake When anomalous values mdmtive of buried metal are observed, record the anomaly on 

Form GT 1OA If an anomaly is not present, document results on Form GT 1OA 

(4011 REV)(GTlOREV 1))(06-07-91) 
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D h g  locations wth anomalous values wdl reqwe momg the location to the nearest "clear" area 

By usmg the above procedures, determine an area wthm 50 feet of the origrnal drdhng location that 

is free of anomalies Mark the new drilling location wth a wood stake and document new location 

on Form GT.1OA Note the project site manager of the new location 

For larger areas or for locating buried trenches or pits, follow a surveyed grid pattern when 

traversing wth the EM instrument If the grid is not surveyed prior to the EM traverse, place a 

wood stake marker at the end of each traverse and document the marker location on the field data 

record (Form GT 1OA) AU EM traverses should be documented on a field map dmng the survey 

For larger areas, a portable computer may be requyed to qwckly analyze the data and fadtate the 

Iocahon of addtional survey lmes 

53 MAGNETICLOCATOR 

A magnebc locator detects magnetic fields assmated wth certam objects The depth of 

mvcstqpbon depends on the sue of the object The Schonstedt magnebc locator, for example, can 

detect well casing up to 15 feet deep, however, a 1 l/4-mch mid can be detected only to a depth 

of 8 Inches. 

A magnebc locator responds to the magnebc gradent between two magnetic field sensors (A and 

B) If no anomalres emst, the magnetic field between sensors A and B 1s balanced, and a 40 Hz 
frequency signal IS heard on the magnetic locator's audlo output Thts frequency output (40 Hz) 
is the ambient magnetic field of the earth However, when the magnetic field becomes stronger at 

sensor A (located at the bottom of the locator) than at sensor B, the output signal increases m 

frequency. When the tip of the locator 1s duectly over the ferrous object, the audo sqpal mueases 

to its highest frequency 

(4011 REv)(cT1oREv 1))(0607-91) 
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53.1 

s32 

5.4 

List of Necessary Equipment 

The followng is a list of equipment that wd1 be necessary to complete the geophysical survey 

a Schonstedt Model GA-52B magnetic locator or equivalent 

Appropriate health and safety equipment a 

0 Wood stakes or lath 

a Fh3Pv3 

a Field notebook 

0 Pens 

b Form GT lOA, Borehole Clearrng Analyss (see Section 7 0, Documentabon) 

Field Procedure 

The field procedures for a magnetx survey are the Same as the procedures described for the EM 
survey (Subsecbon 5 22) 

GROUND PENETRATING RADAR 

Ground penetrating radar (GPR) has been used for mappmg shallow geologtc mterfaces, deheatmg 

shallow bedrock, locatmg voids 111 concrete or lunestone, and fin- bwed pipehe or 

remforcement bars 

GPR mvolves a system that transmits electromagnetic pulses mto the ground from an antenna near 

the surface These pulses are reflected from a vanety of subsurface mterfaces back to a receiver 

As the antenna 1s towed along a survey h e ,  the GPR signals are processed and &played on a 

graphic recorder The displayed data is a two-dimensional contmuous profile along the surveyed 

(4011 REV)(GTlOREv 1))(060791) 
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h e  depictmg tune versus &tan= The &play IS very sundar to a geolopc section, except that the 

record IS a tune sechon rather than a depth section 

GPR has excellent resolution of subsurface features when favorable condbons a t  However, 

actual depth penetration is highly site-speufic and depends on the near-surface soil conductivtty 

Highly conductive soils, such as clays, can reduce penetration to less than three feet Less 
conductive materials, such as limestone, wdl allow depth penetration of 30 - 50 feet 

5.4.1 u t  of Necessan Eau imnenj 

The followmg IS a hst of eqmpment that wdl be necessary to complete a GPR survey 

GSSI SIR System3 or equivalent radar system 

Flaggtng 

Lath or wooden stakes 

Field notebook 

Pens wth nonwater-soluble ink 

Measuring tape (200 feet minmum) (note a measuring wheel can be substituted for 

relatwely smooth surfaces) 

Extra paper for profile recorder 

W r a  stylus(s) for profile recorder 

(4011 REV)(GTloRM l))(W91) 
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8 Form GT lOA, Borehole Cleamg Andysls (See Section 7 0, Documentation) 

5.42 FIELD PROCEDURE 

A standard field procedure for collectmg GPR data 1s described below 

collection, two preliminary procedures must be conducted These are 

Prior to GPR data 

8 Design appropnate field parameters, p e n  the purpose of the survey (onentahon 

of hnes or grid, grid spaung, frequency or antenna, antenna shleldmg, etc) 

Locate endpomts along each lme m adhbon to any other pomts of mterest, and 

denote these locations m the field unth lath or other wood stakes 

Design of appropnate field parameters must consider the followng 

0 The antenna and m a t e d  transmitter frequency used must optmuze the 

penetrahon depth and reqlured resoluhon gwen the survey purpose Typical 

frequenues are 80 Mhz, 100 M 4  120 M 4  300 Mhz, 500 Mhz, and loo0 Mhz. 

Higher frequency antennas allow greater subsurface resolubon, but penetratton 1s 

reduced over that of lower frequenues Surveys should be dwgned to have a 

mmimum of two antenna frequenues avadable, to optunne results For most 

cleanng applications, a 300 Mhz or 120 Mhz antenna wll be appropriate 

0 For grid areas, intraline spacmg affects resolution, a spaung of 2 to 20 feet IS 

commonly used for c l e w  apphcahons Actual spa- &asen must comder 

overall project objectives 

(4011 REv)(ci.nOREv 1))(06.07-91) 
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Method of antenna towmg must be evaluated p e n  the site condlhons For 

smooth surfaces or te r ra ,  the antenna can be towed duectly on the surface For 

areas wth significant vegetation or surface stones and rocks, the antenna may need 

to be suspended 6-18 mches above the ground or cartled m a plastic non- 

conductive wagon, to prevent antenna damage and potentially dubious GPR data 

collechon 

Antenna sheldmg should be considered and appropnate duel- prowded p e n  

the site condhons Surface features such as fences, power lmes, etc. can cause 

mterfemg reflections on the radar record 

A standard field procedure for conductmg a GPR survey 1s desmbed below 

1 Perform a mud survey along the propod lines The mual survey wdl mclude 

a rewew of Ute uthty plans, &e& for overhead wes, check for manhole covers, 

buned cables, bund gas lure mdxators, or cascd moxutoq wells, and have Ute 

locators confirm the prwencc of any possible telephone and uthty features Note 

features m field notebook 

2 Note excessive amounts of large pieces of metal on the ground surface ~tl field 

notebook 

3 Note large nearby variations m topography or buddmg (wthtn 50 feet) 111 

notebook 

4 Note moisture content of surveyed media, in addltion to relative clay content, as 

these wll effect penetration depths 

(4011 REV)(GTIOREV 1))(0641-91) 
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7 

5 Conduct a test line using manufacturer’s procedures Instrument settmgs must be 
optimued to obtsun appropriate data gwen project goals Speafic recordmg 

parameters that must be optimized include, but are not limited to, the followng 

0 radar scan speed 

0 signal range gam 

time range for recordmg 

0 transmitter pulse rate 

0 recordmg prmter speed 

0 antenna towmg speed 

0 high and low pass filter settmgs 

Instrument settmgs should be vaned dunag the test h e  to determine the optunum 

recordmg parameters When possible, the test hne should be conducted over a 

known buned feature 111 the survey area to help lnstrument settmg optmlzat~on, 

and help calibrate penetration depths 

6 Inittate site survey traverse Be-g at GPR b e  endpomt, tow antenna along 

hne wth appropnate speed determmed from test h e ,  and m g  opttmum 

instrument setttng determmed from test h e  Contmue above procedure for 

enttre h e  and subsequent gnd hnes 

If hard copies of each line of data from pnnter are made, label all notabons on 

the record to correspond to notes made in the field notebook, mcludmg recorhg 

parameters. 

8 

(4011 ~ G T l O R E V  l))(W91) 
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55 DATA ANALYSIS 

When the anticipated hazards are solated pieces of metal, borehole locations wdl be cleared to a 

mmmum of 6 feet around the dding locabon stake In these cases, data wrll not be retamed for 

later analysis, but the results wdl be documented on Form GT 1OA If an anomalous area mthin 

6 feet of the borehole location stake 1s identified, the borehole location wll be changed to an 

anomaly-free area wthin 50 feet of the oripnal borehole location to minmze the possibhty of 

contact with any anomalous material below the surface 

When the hazard IS buned trenches or pits, larger areas wdl have to be geophysically surveyed to 

clear borehole locations In these cases, electromagnehc data Hrlll be collected wth a &@tal data 

logger. The data wdl be transferred to a personal computer for analysrs. Adjustments to the bomg 

locatton (d requued) wd be made after the data are analyzed and lnterpreted 

In both of the above cases, Form GT 1OA w d  be used to document the procedures and reasomg 

for the relocahon or approval of a borehole locahon 

At all tunes, geophpcal data ullll be collected and rnterpreted ln a conservative and prudent 

manner Addit~onally, appropriate levels of caubon mll be exercised by all field crews rnvolved 111 

mtrusive actiwties, even on geophysically "cleared" bonng locations 

6.0 ADMINISTRATIVE BOREHOLE CLEARANCE 

Administrative borehole clearance wdl be required for dnlhng operations at the RFP and Hnll 

wmst of obtammg work and excavahon permits. Copies of these forms are mcluded m Sectton 

7 0, Documentation 
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6.1 RADIOU)GICAL/HEALTH & SAFETY WORK PERMIT 

Work permits wd1 be required for drilling operations in all restricted access areas, which include 

I H S s  These permits d be wued by the EG&G construction manager and wd be vahd for one 

week of drilling operations (see Section 7 0, Documentation) If field operations extend beyond a 

week’s time, a request for an additional work permit wll be submitted to the construction manager 

T b  request d d u d e  detarls of the drdhg operabons planned for the followg week 

Ddy work permits wll be required for all d d m g  operations W I ~ ~ I U  the penmeter secur~ty zone 

(PSZ) 

The permittmg process WIU consst of the construction manager rewe- the field operations pian 

(FOP), EG&G personnel cleanng underground uthties, and screelung for low energy rahhon 

The work permit wdl be kept at the drd Ute durvlg the d d h g  operahon 

Instruchons and requirements for the use of a Radiologd/HeaIth & Safety Work Permit (see 

Section 7 0, Documentation) are contamed m H&S 6 05 Ra&ologd/H&S Work Permit avadable 

through EG&G 

62 EXCAVATION PERMIT 

Excavation permits wl1 be required for drilling or excavating deeper than 18 mches These permits 

wtll also be mued by the EG&G construction manager A permit wdl be reqwred for each project 

and wd be valid for 60 days The excavation permit wd also be kept at the drill Ute 

(4011 REV)(GTlOREV l))(M41) 
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7.0 DOCUMENTATION 

A permanent record of the implementation of this SOP wll be kept by documenting field 

observabons and data The date of the manufacturer’s most recent dbrahon and certlficabon wrll 

be documented if this mformation is avadable Field calibration checks, geophysical observations, 

and data wll be documented on the Borehole Clearing Analysis Form (Form GT10A) 

Admlrustrative clearances wd be documented on the Ra&ologd/Health and Safety Work Permit, 

and the Rocky Flats Excavation Permit 

(4011 ~ r n O F C E v  i))(o6.a7-91) 
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BOREHOLE CLEARING ANALYSIS 

Project Name Date 

Project Number Operator 

Survey Typc Instrumentation 

Date of last calibration and instrument certification 

Held calibration dates 

Comments or Action 
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2.0 PURPOSE AND SCOPE 

Thts standard operatmg procedure (SOP) describes procedures that wdl be used at the Rocky Flats 

Plant (RFP) for conductmg downhole geophysical loggmg Geophysical loggmg may be 

accomplished by employing a vanety of downhole mstruments. Geophysical logslng methods may 

include, but are not hmited to, temperature log, caliper log, density log, focused log, mduction log, 

micro log, neutron log, sidewall neutron log, spontaneous potential log, acoustic log, variable density 

and full-waveform SOIIIC log, dtp log, gamma ray log, or collar log 

Accurate and dependable quantitative analysls of the data reqlllres that the loggmg operahon be of 

the best possiIe q d t y .  The followmg sect~ons describe all procedures that w d  be used to collect 

and document downhole geophysical data 

38  RESPONSIBILITIES AND QUALIFICATIONS 

Overs& and supemon of geophysical 1- operabons wdl be conducted by an EG&G or 

subcontractor representative Downhole 1-g IS to be performed by a quahiid and reputable 

fm wth geophysical loggrng expertse 

Prior to any geophysical loggrng operabon, the EG&G or subcontractor representatwe wdl contact 

the manager and/or supervisory operator of the 1-g semce company to remew the loggmg 

program and supply the mformation necessary to have all apphcable eqwpment at the ~IYII site 

when requmed An appropnate sutte of downhole logs wdl be agreed upon based on the project- 

speclfic objectives presented III the work plans The subcontractor WIU have ultmate responsrbdtty 

for data quality. 

(4011 800.)9)(G= IS)(06/07/91) 
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4.0 

4.1 

5.0 

REFERENCES 

INTERNAL REFERENCES 

Related SOPS cross-referenced in this SOP are as follows 

a SOP FO 3, General Equipment Decontamination 

SOP FO 4, Heavy Eqwpment Decontamlnahon 

SOP FO 16, Field Ra&olopcal Measurements 

a 

a 

PROCEDURES 

The use of geophysical 1-g wd be d d  ln the project work plans Given the project- 

speafic objectives and the subsurface mformahon reqwed, an appropnate sute of logs wdl be 
proposed and agreed upon The EG&G or subcontractor representative wdl subsequently prowde 

the loggtng semce company wth all pertment mformahon reqlllred to conduct the downhole loggrng 

(e g., objectives, types of Ltholog~es, etc ) The loggrng company wdl mamtam access to any 

adhbonal 1- eqwpment requested by the EG&G or subcontractor representative and wdl 

prowde the addihonal loggang service wthm eight hours of the request 

The subcontractor d1 n o t e  the appropnate EG&G personnel of the mhahon of downhole logging 

achwties, mcluding Security and EG&G Rahation Protechon T e h a a n s  (RPTs) or RPT 

designated representatives Prior to entry onto the RFP, downhole mtruments wdl be examlned 

by Secunty Particular emphasls wdl be placed on checlung the downhole mstruments that have 

radioactive sources The loggmg service company wd be reqlllred to present documentahon of 

downhole source certification If a radioactive source wdl be used, the loggng truck wll carry the 

appropriate placards, and the source contamer wll be appropnately labeled 
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When the 1-g service company arrives at the drdl site, the EG&G or subcontractor 

representative wll rewew the loggtng program wth the loggmg operator and prowde information 

necessary for completing the Borehole Geophysical W n g  Form (Form GT 15A) Loggmg Units 

wd1 be computerlzed and logs wll be digtally recorded on tape or dlsk The tapes or dlsks wdl 

bccome the property of EG&G and their final disposition wll be determmed at the end of the 

project 

Field pmts of all logs d be made, no portion of the log run, mcludmg cahbrabon steps, d be 
destroyed Field pnnts wdl be collected by the subcontractor's representative at the end of each 

day No hole wdl be left unlogged at the end of the day 

The EG&G or subcontractor representabve, as well as any appropriate EG&G personnel, wdl have 

access to the loggmg umt at all tunes rn order to momtor loggmg acbnbes The subcontractor's 

field s u p e m r  IS responsible for no- the logging company as soon as a hole IS adable for 

loggmg. Holes should be left open for as httle tune as possible In the event of a stuck tool, every 

effort d be made to recover the tool. If the tool contam a ra&oa&ve source and cannot be 
recovered, State of Colorado gudelmes wdl be followed m order to recover as much of the tool as 

possible, or the tool wdl be cemented in place 

After complebon of 1- actinbes m a gwen borehole, all loggmg eqwpment wdl be 
decontammated m accordance wth SOP F0.3, General Eqwpment Decontammabon and SOP 
FO 4, Heavy Equipment Decontamination After decontammabon, rahabon momtomg actinties 

will be conducted by EG&G RPTs or RPT desrgnated representatives Momtonng wdl be 

conducted for geophysical logpng equipment and personnel before they leave the work area All 

radabon monitonng wdl be done m accordance wth SOP FO 16, Field Ra&ologd Measurements 

and the Health and Safety Program Plan After radiation momtoring, all equipment and personnel 

d proceed to the decontamination faahty for final decontammabon 
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6.0 DOCUMENTATION 

Loggmg information wll be documented on the Borehole Geophysical b e g  Form (Form 

GT 15A) and the Quality Control Check Llst (Form GT 15B) Pnor to releasmg the loggmg 

operator, the EG&G or subcontractor representative wll check these forms for completeness An 

"N/A" can be substituted for a check on the Quality Control Check List d the item IS not apphcable 

to the loggmg run in progress Any unmarked items wll be discussed and recorded m the 

"REMARKS" section When the EG&G or subcontractor representatwe IS sabsfied wth the 

performance of the loggng operation, he/she and the loggmg operator both wdl slgn and date the 

Q d t y  Control Check Lst Forms WIU be completed m the field wthout transcribmg from a field 

book or other document This technique reduces offsite work hours for the geologLst or 

geophyaast, reduces the chance for errors UI manual copymg, and allows the completed document 

to be field-revlewd mmedntely after loggmg. 

High quality, reproducible logs wdl be submitted by the loggmg service company to the 

subcontractor's office wthm 10 worlung days after the 1-g run IS completed. 

6.1 EQUIPMENT CALXBRATION 

The geophyacal loggtng company Hrlll d b r a t e  all 1-g equpment before and after the 1-g 

run The geophysical l w n g  company wdl provlde documentahon of all shop calrbrations, surface 

dbrations, and calibrations performed before and after the 1-g run to the subcontractor The 

geophysical loggng company wll possess documentation of downhole instrument source certdcation 

for any radioactive tools. 
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LOG RUNS 

Induction 
Natural Gamma 
Neutron 
Spontaneous Potenttal 
Short-Normal Resisttvity 
Long-Normal ResWwity 
Caliper 
Temperature 
Gamma-Gamma Density 
Full-Waveform Sonic 
Other 

Date 

Project No 
Project Name 
Sample Location 

Weather Conditions 
Observa tions/Comments 
Hole Conditions 

Fluid in Hole Y N 
Fluid Temp 
Fluid Resistivity 

Casing Y N 
Type of Casing 
Casing ID 

Remarks 

0 Supervisor 
Signature 
Company 

Logging Opera tor 
Signature 
Company 

(401 I )(GI 01 CCll 13)(kOHX113 WKI)(J/IO/Y I )  
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GENERAL 
Calibration befort and after each survey 
Casmg I D s m ,  bit sne. and hole s m  recorded 
Tool dtscnpbon and designation mcluded m log headmg 
Depths tat whch MY map changes m mud propertlcs occurred are mcludad m remarks section of log headmg 
Dcpth at wluch MY hole or casmg SIZC changes occur are mcluded m remarks SeCtion of log headmg 
Dcpth at whch MY unusual hole condittons were encountered are mcluded m remarks section of log headmg 
Abnormal or unusual conditions noted m "remarks" section 

FORM GT 15B 
Page 1 of 2 

No 
1 
2 
3 
4 
5 
6 
7 

BOREHOLE GEOPHYSICAL LOGGTNG 
QUALlTY CONTROL CHECK LIST 

Loggmg opetator has copies of nearby drdl holes for comparison 
Loggmg operator has copies of prmous log runs of this dnll hole 
Log headmg complctcly fdled out 
Appropnatc logging scales chosen and recorded for all logs 
All d e  changes noted on log at corrcspondmg depths 
Base of casrng detected end labeled on all logs (if present) 
AU curva labeled 
Logging rpoedr recorded and conform b clients request or serv~ct company specification 

8 
9 
10 
11 
12 
13 
14 
1s 

Ground dectroa m a stable p i t i o n  
-uato d e  for SP wnrrtivdy .pplPxlmrtdy 5 divuKwr dcflodtons from shale lme to dun sand lme 
SP krdino shifts rreater than one divuion c o ~ e d  a b d v  and labeled 

18 
19 
20 

If SP . b m d  107~11 with s u m y  curreat off and ground dostrode checked 
W S  on bottom pnor to loggmg SP recorded and labckd with current on and off 

I 21 I 
I 22 I 

RESISTIvlTY LOGS 

CALIPER Ixx3 
Mud or borrhdc fluid mstivity rccordcd 

Magnitude (size) of changes m borehole dmmetcr capable of bcmg distmgurshcd are ~pcclfied on log 

I 23 I 

I 24 1 

callpm rtcorded 
Background gamma ray recorded 
Bulk density (g/@ and porosity (8) curves recorded 
Matnx denrlty and fluid density labeled 
Correction curves (dcd recorded 

m m g  mrde in w m g  (d present) as a check of calibmt~on l u l  
TEMPERATURE LOG 

28 
29 
30 
31 
32 I 

~ 

Log rocordQd wide gomg m hole I 26 I 
Flow h e ,  mud pit, and a& temperature measured and recorded I 27 I 

GAMMA-GAMMA DENSITY LOG 

ISONIC LOG I 
Adequate d e  for velocity sensitivity I 33 I 

INDUCTION L A X  
Adequate scale for conductivlty sensitivity 1 3 4 1  

DIPMETER ~.~~ 

Adequate scale for sensitivity I 35 I 
ERACTURELOG 

Adequate scale for sensitivity I 36 I 

(401 I )(CFO?ECH 13)(FORM13 WKI )(J/I(Y9 I ) 
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No. 

FORM GT 15B 
Page 2 of 2 

QUALITY CONTROL CHECK LIST 

BOREHOLE GEOPHYSICAL LOGGING 
QUALITY CONTROL CHECK LIST 

Addibonal Comments 

Supervisor. Logging Operator 
Signature Signature 
Company Company 

(401 I )(GEOTECH I3)(FORMI 3 WKI )(910191) 
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2.0 PURPOSE AND SCOPE 

"hIS standard operating procedure (SOP) describes procedures that wdl be used at the Rocky Flats 

Plant (RFP) to perform land surveymg assmated w~th all EM activlties conducted by EMAD 
Accurate and dependable land surveymg techques are necessary to mure acqmsition and 

documentation of data pertaining to the surface topography, geolwc lithology, hydrogeolwc and 

atmospheric regmes at the site Reliable land survepng data are essential to determming accurate 

areal and vertical locations of data aqwihon (samphg) pomts and to he these pomts lnto 

establlshed map coordinates of the surrounding area "hIS SOP descllbes procedures to be used 

d m g  the prehmmary placement of samplmg pomts and land surveymg requrrements to accurately 

locate the points prior to, or after, the data acqwibon event 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

Oversight and supemion of the samphng point location and land surveymg operations w U  be 

conducted by an EG&G or subcontractor representatwe Prehmimary locabon of the pomts may 

be performed by either EG&G or subcontractor personnel famhar wth the project ate and tramed 

m the use of pnmary surveymg eqmpment (eg. Brunton compass, tape measures, plumb bobs) 
However, the actual land surveyq actrvlbes reqwed to document the sampltng pomt locat~ons for 

the project record wdl be performed by a professtonal land surveymg contractor The land 

surveymg actiwvlhes d l  be conducted by, or under the duect supemon of, a hcensed Colorado 

Professional Land Surveyor 

Pnor to any land surveymg operation, the EG&G or subcontractor representatwe wdl contact the 

manqer and/or supervisory team leader of the surveyq contractor to reylew the surveyq 

program and supply the mformation necessary to complete the survepng program (eg hst and 

locabon of wells or bo- to be surveyed, approxrmate length and locatton of geophysical lmes, 
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4.0 

4 1  

5.0 

5.l 

etc) Appropriate project-s@ic objectives presented in the work plans v d  be dscussed at ths 

time The subcontractor wll have the ultimate responsibility for surveymg data quahty 

REFERENCES 

INTERNAL REFERENCES 

Related SOPS cross-referenced in this SOP are as follows 

0 SOP GT 6, Monitomg Well and Piezometer Installation 

SOP GT 7, L q p g  of Test Pits and Trenches 

SOP GT 8, Surface Sod Samplmg 

SOP GT 10, Borehole Clearvlg 

0 

0 

0 

PROCEDURES 

PRELIMINARY LOCATION OF SAMPLING POINTS 

The proposed locations of the data aqmsibon pornts d have been dtscussed m the project work 

plans wth the locahons mdrcated on project Ute maps/figures and/or described ILL the text EG&G 

and subcontractor personnel wll revlew the proposed samplmg pomts pnor to actual locahon m the 

field and come to final agreement regardmg them 

Prellminary location of the samphng pomts prior to samphg WIII be acheved by stakmg and 

flaggmg the pomts These actiwbes WIN, m most cases, be performed by the subcontractor and/or 

EG&G personnel and wll attempt to acheve location accuraaes of f 10 feet of the proposed work 

plan data aqmntion points Once the samplmg a&vlty w performed, the accurate locabon of the 

sampling pomt wll be determined by precise land surveymg methods 

(4011-eocr3D)(G@Ui" 17)(06/07/91 W p m )  
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In the followmg example, a sod bomg samplmg pomt IS to be estabkhed to obtam spht spoon 

samples of suspected contaminated sods in prownity of an RFP Operatmg Umt The stakmg and 

flaggmg procedures employed for such a sampling event are representative of any data acquition 

program at RFP and are presented herein to lllustrate the genenc procedures to be used m all 

EMAD/EM programs Predrilling stalung and flaggng wdl be performed as follows 

A stake and orange flawng wdl be placed in close proxlmity to the prehminary samphng pomt 

locahon as idenMied on the project map If a more prease placement IS dlctated (such as to place 

a momtormg well duectly downgradient of a buned pipe etc), a Brunton compass and steel tape 

WIII be used The predrhg slte should be located unthm approxlmately five feet either duection 

of the map location and marked wth a stake and orange flaggmg 

If the preliminary locahon falls m an unfavorable slte, a stake and green flaggmg WIU be placed m 

close praxlmity notmg footage and &rechon to actual prhmary ate location The EG&G project 

manager or deslgnee wdl then make the determmahon as to fmal placement of the borehole and 

relocate the Ute wth a stake and orange flqgiq. Each stake wdl have the borehole number clearly 

marked m permanent mk EG&G EM staff wdl field check each borehole locahon and approve 

the sltes pnor to the ixutiahon of dnll~~~g. 

The above procedures prowde sabsfactory ate placement accuracy to conduct data and/or sample 

acqrusltion events All site measurements pert- to location obtmed dutlng the event (i e ,  

hotlzontal and vertical distance offsets) are subsequently related back to this staked locahon Land 

surveymg methods, discussed m the next subsection, are then used to preusely he the staked 

location mto reBonal surveyed databases 

NOTE It is critical that the flagged stakes used to prehmarily locate a data aqulsition site be 

the accurate land survey of the 

The stake represents the only hlstorical reference point for the 

preserved lntact dwng and after, the samplmg event 

point is completed 

( 4 0 1 1 - & l O - S ) ( G ~ H  17)(06/07/91 236pm) 
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sampllng event and must be protected If the stake must be destroyed durmg the sampllng 

event (e g a soil boring or trench 1s placed at the staked location), appropriate offset stakes 

must be installed and documentation of the offsets (both hormntal and vertical) recorded 

m log books Once a samphng event is completed, the oripal staked location 1s 

reestablished and staked from this documented offset dormation 

5.2 FINAL LOCATION OF SAMPLING POINTS 

Before the final survey begm, the EG&G or subcontractor representatwe wdl contact the manager 

and/or supervisory team leader of the surveymg contractor to revlew the surveymg program Any 

information needed to complete the surveying program (e g ht and loahon of sample ntes to be 
surveyed, hst and locahon of benchmarks to be used dumg the survey, ate access, etc) wdl be 
~Upphed h y  other Specific proJed 0bJ-w d bc M. 

Instruments used for surveylng wdl be redbrated and recertdied, If reqwed The date of the last 

dbrahon and certrfcation wdl be documented on the Surveymg Form (Form GT 17A) The 

m m u m  relahve accuracy for surveymg wdl be 0 1 foot honzontally and vertdly Momtomg 

wells may be located to the 001 feet in elevahon because water level measurements are usually 

estimated to the 001 foot 

Final location of the sample sites wdl be achieved by settmg a marked stake wth a tack in it at the 

exact location If a monument already emsts, the location of the monument wdl be surveyed For 

abandoned borehole ntes, the locating pomt wdl be at the center of the grout cap For well sites, 

hormntal measurements wll be taken to the well center Three elevahon measurements wdl be 
made the elevauon of the grout or concrete apron adjacent to the north nde of the well cam& 

the elevation of the top of the well casing and the elevation of the top of the protective casmg All 

elevation measurements wdl be made on the north side of the well 
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All monument coordmates wll be estabhshed by closed traverse, Materation or other method that 

provldes for verification of relative accuracy All monument coordmates wll be reported on the 

Colorado State Planar Coordinate System (Lambert Projection, NAD 1927) Central Zone The 
coordmates wll be true state plane coordinates All monument elevations wdl be establlshed usmg 

at least two controls/benchmarks of known elevation Monument elevations Hrlll be reported 

according to USGS standards In addition, all monument locations w11 be checked by tymg the site 

mto a second known control/benchmark One benchmark wll be east of RFP and the second 

benchmark wU be west of RFP 

6 0 DOCUMENTATION 

A permanent record of the unplementahon of ths  SOP w1u be kept by documentmg field 

observaUons and data The date of the most recent caliirabon and certdicahon of the equpment 

wd be documented Field ahbration checks, surveymg observations and data will be documented 

on the Sweymg Form (Form GT 17A) A numerical prmtout of all coordmates and data provlded 

on a 3 1/2" U e t t e  dong with a base map d be delnrered to the EG&G or subcontractor 

representative wthm ten worlung days 
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SURVEYING FORM 

Project No Date 

Project Name Weather Conditions 

Site Locabon 

Survey Purpose 

Degree of Relative Accuracy Reqwred 

Eqlupment 

Observahons/Comments 

SITE SKETCH 

Remarks 

Supemr Surveyor 

Signature Signature 

Company Company 
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EkVrtton d grout or concrete pmd recorded 

Ekvrtron of top of well caslng recorded 

Ekvmon of top o f  protcam auag recorded 

CHECKS 

s t e  EOOfdiMtec checked 

Site elcvatlons checked 

Form GT 17B 
Page 1 of 1 

10 

11 

12 

13 

14 

SURVEYING 
QUALITY CONTROL CHECK LIST 

Surveyor shall check all items No 1 to 13 applicable to the sumyng operation 
Items unchecked shall be discussed and recorded in the "REMARKS" Section 
Items not applicable mll be designated "N/A", the surnyor and supemsor representative mll sign and date the checklist upon 
completion of the surveyng operations and this checklist 
Any additional comments should be included on the "REMARKS" section 

GENERAL NO. 

Vcnfication of survey sites 1 

Surny form heading completely filled out 2 

3 Abnormal or unusual conditions noted in "remarks" section 

Instrument calibration and certification venfied 4 

5 Site location sketch completed or attached 

PRELIMINARY SURVEY 

Slte located 6 

slte staked or flagged 7 

FINALSURVM 

site Coordinatec recorded 8 

9 
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2.0 PURPOSE AND SCOPE 

Thts standard operating procedure (SOP) describes procedures that 4 1  be used at the Rocky Flats 

Plant (RFP) for conductmg surface geophysical surveys In general, surface geophysical surveys wdl be - 
conducted to aid charactemtion of the subsurface Geophysical techniques measure variations in the 

physical properties of the subsurface Thus, they are useful in identifymg mterfaces indicated by changes 

111 seismic velocity, density, resistivlty or conductivlty, fluid content, degree of fracturing, soil or rock 

thlclurwses, or hear features such as faults or dkes Smce they measure phpcal property vanahom, 

geophysical techques can a d  the delmeation of man-made subsurface features (pipelmes or burred 

tanks, drums, and trenches) as well as subsurface contammahon T ~ I S  SOP speufically addresses 

shallow electromagnehc (EM) and ground penetratmg radar (GPR) tehques  

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

Oversqht and supemon of the geophysical surveys wdl be conducted by EG&G personnel The 

subcontractor project manager or task leader IS respomble for assigning project staff to perform the 

geophyslcal surveys Project staff performmg these surveys w d  be tramed geophysiusts or tramed 

personnel unth a @cant amount of geophysical field expenence The task leader IS also responsible 

for assunng that these and any other appropnate procedures are followed by all project personnel 

Only quallfied personnel shall be allowed to perform geophyslcal surveys Qualtfications are based on 

education, prevlous expenence, or on-the-job tramng wth supemon by another quaied person All 

staff mvolved wth the geophysical surveys shall have prevlous expenence wth data collection and 

mterpretation procedures for the methods used The subcontractor Project Manager shall document 

personnel quahficahons related to t h ~ ~  procedure m the project QA files. 

(4011 REV)(GT18REV I)(WO7 91) 
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4.0 

4.1 

46 

5.0 

REFERENCES 

SOURCE REFERENCES 

The followmg 1s a bst of references pnor to the writmg of ths procedure 

A Compendium of SuDerfund Field Omrations Methods EPA/540/P-87/001 December 1987 

I t  1 Inv 1 1 om md Feasbilitv Stud ies Under CERLCLA Intern 

Fmal October1988 

McNedl, J D. 1980 Electromagnetic Terram Conduct iwtv . Measu rement at Lo w Induction Numbers 

T e x h d  Note TN-6, Geonics Ltd , Canada. 

PCRA Faa 'lie Investieation Guidans EPA Intern Final May 1989 

INTERNAL REFERENCES 

0 SOP F03 General Eiqlupment Decontammation 

SOP GT 10 Borehole Clearing 0 

PROCEDURES 

The use of geophysical techniques wll be discussed in the project work plans Given the project-specfic 

objectives and the subsurface dormation requlred, an appropnate geophysical program unll be proposed 

and agreed upon between EG&G personnel and the subcontractor The purpose of the subsurface 

(4011 REV)(oTISREV 1)(0607 91) 
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m-hon and result expectations must be outltned 

several prehinary considerations must be made These mclude as a m w u m  

Pnor to the collechon of geophysical data, 

0 Rewew exstmg and appropriate ste, area, and regional subsurface geolojpc and 

hydrogeologic information including soil characteristics 

0 Define any known hazards that pose a threat to the safety of field personnel 

0 Rewew ate utlllty plans and obtam the locahons of electrical and telephone uthhes 

and address thelr potential duence on survey results 

Subsequent sections describe specific procedures for each t e h q u e  

5.1 ELECTROMAGNEI'ICS 

5.1.l Introduction 

Electromagnebc (EM) methods provlde a rapid means of measmg the eledtrcal conductmty of 

subsurface soil, rock, and groundwater Thus, it can be useful for assessmg subsurface condihons such 

as depth and onentahon of bedrock; lateral vatrahons m sod and rock and extent of paleochannels, 

laterai, and m some instances, vertical extent of contammants, and the presence of ferrous and 

nonferrous metals 

The method involves the induction of electrical current mto the subsurface A small alternatmg current 

pasang through a transmitter cod produces a pnmary, he-varymg magnehc field rnto the ground 

Through inductive couphng, the primary magnetic field produces small eddy currents m the subsurface 

which, m turn, create theu o m  secondary magnetic field The receiver cod senses both the pnmary and 

secondary fields Changes in magnitude and phase of the indiwdual currents are linearly related to the 

(4011 REV)(GIYBREv I)(Wm91) 



SURFACE GEOPHYSICAL SURVEYS 

Manual: 5-21200-OPS EG&G ROCKY FLATS PLANT 
EMAD MANUAL OPERATION SOP Procedure No.: GT.18, Rev. O,D 

Page: 5 of 15 
Effective Date: June 10,1991 

Category 2 Organization: Environmental Management 

0 

5J2 

5.12.1 

terram conductiwty These changes m the indiwdual currents are converted to voltages and output as 

ground conductiwty values, which can be recorded manually, by a strip recorder, or a %tal logger 

Depth of investigation is related to the separation between the transmitter and receiver coils By using 

multtple cod spaungs, several penetration depths can be adueved All conduchwty values are 

subsequently plotted on a map so that their variation over the site can be analyzed 

Terram conductiwty is a function of the sod or rock composition, the porosity and permeabdity of the 

subsurface umts, and the conductmy of the fluids f h g  the pore spaces The possible sources of an 

EM anomaly must be kept m mmd when collectmg the data and dumg mterpretatton 

Thts SOP spedies procedures for EM surveys u k g  shallow penetration systems mcludmg the EM- 
31, EM-38, and EM 34-3 These mstruments can be u b d  wth two ddferent cod onentatrons, the 

horizontal dtpole mode (cods verttcal coplanar) and the verttcal &pole mode (cods holrzontal coplanar) 

The two modes provide Merent penetration depths to be adueved 

survey Design 

List of Necessarv Eau iDment 

The follow s a h t  of equpment that wdl be neceSSary to complete an EM survey 

0 Geomcs EM-31, EM-38, or EM 34-3 terram conductiwty system or equvalent (choice 

Digtal logger and/or analog stnp recorder (when data collection IS over large gnd 

based on depth penetration requued) 
0 

area) 
0 Wood stakes or lath 

0 *al?Pg 

(4011 REVXGTIIIRW l)(W-91) 
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5.1.2.2 

0 Field notebook 

0 Pens wth nonwater-soluble mk 

Field Procedua 

A standard field procedure for collecting EM data IS described below Prior to EM data collection, two 

prelmmary procedures must be conducted These are 

0 Design appropnate field parameters, p e n  the purpose of the survey, (depth of 

investqption, whether EM-31, EM-38, or EM 34-3 IS used, cod spaung, cod 
orientation, stabon spacing, etc ) 

0 Survey the locahons of h e  endpomts along each h e  and denote those locat~ons 111 the 

field with lath or other wood stakes Mark stabons wth coordmate designahon based 
on RFP coordmate system Transfer h e  and stabon locabom to appropnate base 

map 

Design of appropnate field parameters must comder the followmg 

0 The cod spa- should be 75 to 15 tunes the reqmed depth of penetrabon 

dependmg on whether the mtrument d be used in the vefical or horizontal &pole 

mode Instrumentabon must be chosen so that the objectwe penetrabon depths can 

be aciueved Table GT18-1 summarues mtrument modes and approxunate 

penetration depths 

0 Spaung between stations determmes the degree of resolution aduevable, a spacmg of 

10 to 100 feet IS commonly used, however, spacmg as small as 2 feet may be reqwed 

for extremely shallow targets or to a d  resolution m very complex enwonments 

(4011 Rw)(OnsRmr 1 ) ( M  91) 
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Actual chosen station spaung must be determined by resolution desaed, m m u m  

depth reqmred, and overall survey objectives 

For grid areas, mtraline spaung affects resoluhon, a spacrng of 50 to 500 feet 1s 

commonly used However, smaller spacing may be requved depending on the 

resolution required and overall survey objectives 

Accurate defimtion of an EM profde anomaly reqlures three or more anomalous 

r e a m  

Background conductmty nom caused by cultural mterference, such as overhead or 

butred powerlmes and steel-cased morutor wells, must be evaluated and/or estunated 

to assess thev potend effect on an EM survey Hgh nose levels can make 
mterpretatnon Micult and can cause slgnificant anomahes to be overlooked and, m 

some mstances, can make data collechon and mterpretahon unposslble. Actual 

background now must be consldered when collectmg and interpretmg the EM data 

Background conductinties for the mvestigated materials or groundwater should be 
determmed to a d  anomaly mterpretation Conductmties for site-spedic groundwater 

should be determmed by analyzing samples from momtorang wells adjacent to the 

survey area Thls should be done as close as posslble to the actual survey date to 

ensure that the pore water conductmy determmed 1s representatwe at the tune of the 

survey 

(4011 REv)(GT18RBv.l)(o6m-91) 
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TABLE GT.18-1 

EM INSTRUMENT MODE AND PENETRATION DEPTHS 

~~ 

Instrument Cod Mode Appromate Depth of 
Spaclng Penetration (ft) 

EM-38 Fured - 1 meter HDM 2 5  
(3 28 feet) VDM 5 

EM-31 Fied - 3 66 meters HDM 
(12 feet) VDM 

9 
18 

EM-34-3 Variable - 10 meters HDM 25 
(32 8 feet) 

20 meters 
(65 6 feet) 

40 meters 
(1312 feet) 

VDM 

HDM 
VDM 

HDM 
VDM 

49 

49 
98 

98 
197 

Note. HDM = HomntalDipoleMode 
VDM = VerhcalDipoleMode 

A standard field procedure for conductq an EM survey IS h b e d  below. 

1 Perform a v l sd  survey along the proposed hes The vlsual survey w d  d u d e  a rewew 

of site utlllty plans, check for overhead wlfes, check for manhole covers, bmed cables, 

bmed gas hne indlcations, or steel-cased momtomg wells, and have site locators confirm 

the presence of any possible telephone and utlllty features Note any features m field 

notebook 

2 Note excessive amounts or large pieces of metal on the ground surface in field notebook 

3 Note large nearby vanations in topography or buddmgs (wthm 50 feet) in field notebook 0 
(4011 RBV)(GTlW l)(oam-91) 
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Check instrument battery for suffiuent charge and test mtrument usmg manufacturer’s 

procedures 

Imtiate site survey traverse wth EM mtrument 

manufacturers operating procedures for horlzontal and vertical dipole mode operation 

Instrument operahon must follow 

Record the obtained conductivlty value m the data logger, or field notebook Note station 

number and coordmates 

Continue above procedure for each stahon along the h e  For two or more cod spaangs 

or orientahons at each station, multiple passes along each lme are made, ensurtng that 

occupied stations are repeated wth each cod onentahon 

If hard copies of each h e  of data from stnp recorder are made, label and/or number all 

notahons made on the record to correspond to notes made m the field notebook 

When a data logger IS u h d ,  download data from the data logger on a dady bass to 

computer for further analysls 

5.13 Data Processing and Interpretation 

A standard procedure for processing and mterpr ng the EM d a IS described below 

1 Collected data is downloaded from data logger or mput to m a n  computer from recorded 

field notes, and processed. Data IS then plotted and may be contoured 

2 Companng the results of all plots, contrasts in conductivlty may rndicate the presence of 

subsurface anomalies 
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52.1 

3 Umg available borehole mformation and any other exsting geophysical data as a 

reference, develop a subsurface conductiwty model that IS conslstent wth all avadable data 

GROUND PENETRATING RADAR 

Introduction 

Ground penetrating radar (GPR) has been used for mappmg shallow geolwc mterfaces, deheatmg 

shallow bedrock, locating voids m concrete or hmestone, and fmdmg buried pipehe or redorcement 

bars 

GPR mvolvcs a system that transmits electromagnebc pulses into the ground from an antenna near the 

surface These pulses are reflected from a vanety of subsurface interfaces back to a receiver As the 

antenna is towed along a survey line, the GPR signals are processed and &played on a graphic 

recorder. The &played data IS a twu-dunensod contmuous profile along the surveyed he, depictmg 

tune versus htance The &play IS very slmilar to a geolopc -on, except that the record IS a tune 

-on rather than a depth section. 

GPR has excellent resolution of subsurface features when favorable condbons extst However, actual 

depth penetration is highly site-speufic and depends on the near-surface sod conduchwty Highly 

conductwe soils, such as clays, can reduce penetration to less than three feet Less conductwe matenals, 

such as lunestone, wdl allow depth penetration of 30-50 feet 
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522.1 List of Necessarv EaulDment 

The followmg IS a 1st of equipment that wll be necessary to complete a GPR survey 

GSSI SIR System-3 or equivalent digtally eqwpped radar system 

~ a w g  

Lath or wooden stakes 

Field notebook 

Pens wth nonwater-soluble mk 

Measmng tape (200 feet mmunum) (note a measuring wheel can be subshtuted for 

relatively smooth surfaces) 

Extra paper for profile recorder 

Fixtra stylus(s) for profile recorder 

(4011 REv)(GTlastEv 1)(0647-91) 
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5222 Field Procedureg 

A standard field procedure for collecting GPR data is descnbed below Prior to GPR data collection, 

two preluntnary procedures must be conducted. These are 

Design appropriate field parameters, gwen the purpose of the survey (orientahon of hnes 

or grid, grid spacmg, frequency of antenna, necessity of antenna shieldmg, etc ) 

Survey in hne endpoints and mark these locations m field wth lath or wooden stakes 

Transfer h e  locations to correct postion on base maps 

Desgn of appropnate field parameters must conader the followmg, 

The antenna and assouated transmitter frequency used must optunne the penetrahon 

depth and reqwed resoluuon given the survey purpose Typical frequenaes are 80 Mhz, 

100 Mhz, 120 Mhz, 300 Mhz, 500 Mhz, and loo0 Mhz Hgher frequency antennas allow 

greater subsurface resolubon, but penetrahon is reduced over that of lower frequenues 

Surveys should be designed to have a m m u m  of two antenna frequenues a d b l e ,  to 

optimne results 

For p d  areas, mtraline spaang affects resolution, a spaclng of 3 to 50 feet 1s commonly 

used Actual spaang must weigh resolution reqmred 

Method of antenna towng must be evaluated gwen the site conditions For smooth 

surfaces or tenam, the antenna can be towed duectly on the surface For areas wth 

significant vegetation or surface stones and rocks, the antenna may need to be suspended 

6-18 inches above the ground or carried in a plastic non-conductive wagon, to prevent 

antenna damage and potentially dubious GPR data collection 

(4011 RBV)(GTlBRev 1)(06M-91) 
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Antenna sheldmg should be considered and designed to handle the field condtions 

Surface features such as fences, powerlines, trees, etc can appear as promment reflecbons 

on the GPR record 

A standard field procedure for conducting a GPR survey IS described below 

1 Perform a wual survey along the proposed h e s  The vlsual survey wdl d u d e  a rewew 

of site uthty plans, check for overhead wes; check for manhole covers, buried cables, 

buned gas hne indicators, or cased momtor wells, and have ate locators confirm the 

presence of any possible telephone and uthty features. Note features m field notebook 

2. Note excesstve amounts or large pieces of metal on the ground surface rn field notebook 

3 Note large nearby variations in topography or bddmgs (wthm 50 feet) m notebook 

4. Note mosture content of sod, alluwum, or mvwsbgated meha, as well as relabve clay 

content, as these could sl@cantly d e d  the penctrabon depths 

5 Conduct a test line using manufacturer’s procedures Instrument settlngs must be 

opbmlzed to obtatn appropnate data wen project goals Speufic recordmg parameters 

that must be optmlzed include, but are not hi ted to, the followmg 

0 radar scan speed 
0 signal range gam 
0 h ~ g h  and low pass filter settmgs 
e time range for recording 
e transmitter pulse rate 
e recording printer speed 
0 antenna towng speed 

(4011 Rw)(GTlSREv.l)(~-91) 
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Instrument settings should be vaned during the test line to determme the optmum 

recordmg parameters When possible, the test line should be conducted over a known 

buried feature in the survey area to help instrument setting optimization, and help calibrate 

penetration depths 

6 Initiate site survey traverse Begnning at GPR lme endpoint, tow antenna along hne wth 

appropriate speed determmed from test h e ,  and using optmum mtrument settmgs 

determined from test line Contmue above procedure for entire h e  and subsequent gnd 

lines 

7 If hard copies of each bne of data from pmter are made, label all notations on the record 

to correspond to notes made m the field notebook, includmg recordmg parameters 

8 Permanent copies of this GPR data must be retamed digtally on tape or dtsk, or on hard 

copy plots 

Data Reduction and Interpretation 

Data reduction of GPR data IS limited 

instrument settings dumg recording. 

Most of GPR data processing occurs wth the various 

Interpretation must consider all potential sources of a GPR anomaly, including mterfemg reflections 

from both surface and subsurface cultural features, and draw upon the mterpreter’s GPR experience 

Usmg site surface data, avadable borehole information (should it emst), or any other emstmg geophysical 

data, develop a subsurface model that 1s conustent wth all avadable data 

(4011 REV)(GTI8REV l)(Oam41) 



SURFACE GEOPHYSICAL SURVEYS 

5-21200-OPS e EG&G ROCKY FIATS PLANT Manual: 
EMAD MANUAL OPERATION SOP Procedure No.: 

Page: 
Effective Date: 

Category 2 Organization: 

GT.18, Rev. O,D 
15 of 15 

June 10,1991 
Environmental Management 

6.0 DECONTAMINATION 

Personnel involved wth surface geophysical surveys wll follow all decontamination procedures as 

outhed in the Health and Safety Plan Geophysical eqmpment whch has been tn contact wth 

potentially contaminated ground surface w11 be decontaminated according to procedures o u b e d  m 

SOP F03 - General Eqwpment Decontamination, as well as any appropriate procedures spedied m 

the Health and Safety Plan 

7.0 DOCUMENTATION 

A permanent record of the unplemen_-tron f this standard opera ng procedure wdl be kept by 
documenttng field observabons and data. Observations and data d be recorded wth black waterproof 

mk in a bound weatherproof field notebook wth consecutwely numbered pages Documentation of 

completed decontamination actiwties should sunilarly be noted 

(4011 RpvxGTlSRw I)(oao7-91) 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that wll be used at Rocky Flats to 

define the standard operatmg procedure for the use of field gas chromatographs (GO) These 

mstruments are used in the identification and quantitation of volatde organic compounds 

Level I and level I1 analyses are defined as field screening/analytical methods which utilue 

eqwpment amenable to the ngors of field condtions, and are located at or near the samphg ate 

Level I analytical support IS typically defined as field screenmg, wth the objectwe of genera- data 

whch wdl generally be used (for example durmg Phase 1 mvestigations), m refinmg samphg plans 

and determming the extent of contammahon A second objective of Level I analyses IS to conserve 

other analytrcal support resources 

Level I analyses are generally effectwe for total Volatde Or-c Compound (VOC) vapor reahgs  

using portable photoionw&on or flame ioxuzahon detectors (PID or m) Dctechon IS typically 

h i t e d  to voIat.de compounds These types of amlyses prowde data for on-ate, real-tune total 

vapor measurements, evaluation of exlstmg conhhons, sample locahon opttmuahon, extent of 

contaminahon, and health and safety evaluations Data generated from Level I analyses are 

conadered qualitahve in nature although semi-quantitahve and/or quanhtative data can be 
generated, for example, by uslng the GC option of an FID, wth sufliuent dbrahon Data 

generated from Level I analyses prowde the followmg 

Identification of soil, water, au and waste locations whch have a hgh Itkehhood 

of showmg contammahon through subsequent analym, 

Real-time data to be used for health and safety considerations durmg site 

investigations, 
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Qualitative data relative to a pnmary calibration standard If the contaminants 

bemg measured are unknown, 

Quanhtative data if a contammant IS known and the instrument IS dbrated to 

that substance, and 

Presence or absence of contamination 

Level I1 analyt~cal support IS designed to prowde real-tme data for ongomg field actiwties or when 

lntttal data wdl prowde the bas= for seelung laboratory analytical support As s u 4  Level I1 

analyt~cal methods can be effectively uthed when a phased approach 1s used for field samplmg 

There have also been a agmfkant number of instances where data denved from Level I1 support 

have been used to make decisions about Ute &poshon 

Level I1 analyses are used for on-ate, real-tune baselme data development, extent of contammahon 

and remedlal actmtIes and generally prowde rapidly a d a b l e  data for a vanety of actrvlttes 

mcludmg hydrologtcal mve&gations (estabhh depth/concentration profiles), extent of contammant 

determination includmg special actiwties such as vadose zone samplmg, cleanup operations 

(determme extent of contammated sod excavation), and health and safety considerations 

, 

mial ly ,  a gas chromatograph and more sophshcated instruments operated m the field prowde 

the bulk of the analyt~cal support at ths level The abdity to assess the data quahty (accuracy and 

precision) IS dependent upon the QA/QC steps taken m the process, includmg documentation of 

blank mjections, calibration standard runs, and runs of standards between samples, sample 

duphcates, and performance evaluahon standards 

(4011&lO)(GEOTECH 19)(06/07/91 losaOm) 
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The level of preusion and accuracy that can be acheved by a spedic Level I or I1 analym vanes 

as a funcbon of numerous factors mcludmg the matm and contammant(s) bemg sampled, and the 

skill of the analyst domg the work 

3.0 QUALIFICATIONS 

Only qualified personnel wdl be allowed to operate gas chromatographs (GCs) Requred 

quaMcabons vary dependmg on the actmty to be performed In general, qWcatIons wdl be 

based on educahon, prewous expenence, and supemion by qualtfied personnel The 

subcontractor's project manager wdl document personnel quahfkatIons related to t h ~ ~  procedure 

m the subcontractor's project QA files 

Operabon of the gas chromatograph WIU be performed m accordance wtth the manufacturer's 

instruct~ons Personnel performlag gas chromatography wdl receive trauung from a factory 

representatwe or a local area mtrucior c e d e d  by the manufacturer to admlnrster trammg. 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The followtng 1s a list of references rewewed pnor to the wnting of thts procedure 

Field ScreeninP Methods Catalog. Us er's Guide EPA/540/2-88/005 September 1988 

Chapman, H and Clay, P ,  Field Investigation Team WITl Scree ninn Methods and Mob lle 
Laborato nes Comdementary to Co ntract Laboratorv Proeram ( .CLP), TDD HQ-8507-01, October 

17, 1986 (Draft) 

(4011%Oo)(GECYECH 19)(06/07/91 KtOhn~) 
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Clark, A E, Latadle, M and Taylor, E L ,  The Use o f a Portable PID Gas Chro matoer aph for 

RaDid Screenine of SamDles for Purgeable Oreanic ComDounds in the Field and in the Lab U S 

EPA Regon I Laboratory, June 29,1983 

Morm, S 0 ,  DeveloDment and ADDliCatlOn of an AnaIvtical Screenine PrQpram to S uDerfun4 

Activities, Management of Uncontrolled Hazardous Waste Sites, Washngton, D C November 4-6, 

1985 

4.2 INTERNAL REFERENCES 

The related SOP cross-referenced m this SOP IS 

a SOP FO3, General Equipment Decontammation 

5.0 PROCEDURES AND EQUIPMENT 

s Portable gas chromatograph unth appropnate detector and accessories 

Vendor-supphed ahbration standards (certtfied) and appropnate mternal standards 

Glassware (project spedic), mcludmg proper symges 

Microprocessor and/or stnp chart recorder wth appropnate accessones and supphes 

(project speafic) 

High PmQ SpeCSdQ gaseS (Project SPeafiC) 

a Chromatographe coIumn(s) (project speclfic)’ 

0 

0 

a 

a 

0 Field log book 

Sccond column confirmation (dissimilar columns) if specified in Data Quality Objcctrns (w&) 0 
(4011-800)(GEOTECH 19)(06/07/91 1OQ6.m) 
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0 Instrument manufacturer's operation manual 

All analyses shall be performed utilmng a field-area portable gas chromatograph (GC) A 
chromatographc column shall be uthzed wluch separates target compounds An mternal standard 

wdl be added to each sample being analyzed on the GC (including calibration standards) to ensure 

proper instrument performance 

Pnor to the start of analym on each day, the GC shall be dbrated through the mj-on of 

commerually-avadable stock standards, and/or appropnate dubon of traceable stock standards 

'Rus cahbration (Imbal Callbratton) wdl, at a mmimum, coma of the analyms of three standards 

wth known concentrations The lowest concentration standard shall be at the requed quanbtahon 

h i t ,  the bghest concentrabon standard shall be wthm the h e a r  response of the mstrument, and 

the middle concentrabon standard shall be appronmately midway between these two A h e a r  

regression of the concentration of the standard agamst the chromatographc peak area shall be 
performed The correlabon coefliaent must be greater than 0 995 

The GC ahbration must be vedied after every 10 sample analyses throughout the day Vedcabon 

IS accomphshed through analysis of the mid-range concentrabon standard. If the measured 

concentration drffers from the concentration m the standard by more than lS%, the GC must be 

recdbrated usmg the mitial calibration procedures above 

Samples are analyzed by injecting the same volume of sample mto the gas chromatograph as was 

udmd during the calibration analyses Target compound concentrations m the sample WIII be 

quantdied uslng the average response factor calculated from the mbal calibrahon All sample 

a n a l p  values must be less than the hghest concentration ahirabon standard If a sample 1s 

analyzed containing a higher concentration than the hghest standard, thts sample must be rerun 

after dilution (alternatively, a smaller sample may be injected) 

(4011-8IO)(GI3YrKH 19)(06/01/91 10'06m) 
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Environmental Management 

Speafic analytical methods and calibration procedures, standards concentrations, detectors, 

temperature programs, etc are dependent on the method of analysis and analytes of interest 

Specific analytical methods and procedures wll be detaded in applicable project work plans 

Data Vahdation and ReDorting 

Data obtamed from the use of the portable GC wdl be vahdated by q d i e d  EG&G or 

subcontractor personnel Validabon wdl mclude a rewew of the followmg spedic parameters 

0 GC performance and calibration, mcludmg uutial and contmumg dbrabons 

Quahtative and quantitative identfication of analytes mcludrng recalculation from 

Analyss of field duphcates, field and method blanks, and spdces 

Referee laboratory (outside) duphcate analyses (If reqwed) 

Duphcate analyss of field samples by on-Ute GC operator 

0 

raw data of at least 15 percent of all sample data 
0 

0 

0 

A checkht used for valtdatmg data is mcluded as Form GT 19A 

6.0 DECONTAMINATION 

Field gas chromatographs wdl be set up m the field site support zone m order to avoid 

contaminabon Field sample contamers wdl be decontammated m accordance wth SOP F03, 
General Equipment Decontamination, pnor to movement mto the support zone and analysls usmg 

the field chromatograph Adhtional equipment used dumg sample analysis wdl also be 
decontammated in accordance wth SOP F03, General Eqlilpment Decontammahon 

(4011-800)(GEOTECH 19)(06/01/91 Z.(Opm) 
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7.0 QUALITY ASSURANCE/QUALITY CONTROL 

Quality Assurance (QA) and Quality Control (QC) actiwties wll be accomphshed according to the 

Quality Assurance Project Plan (QAPjP) and the project speclfic Qual~ty Assurance Addendum 

(QUI 

In adhtion to adhering to the reqwements of the ate-spedic Field Samplmg Plan (FSP) and any 

supplementary site-speafic procedures, the m m u m  QA/QC requirements for thls sampling 

actiwty are the followmg. 

0 QC Samples -- The number and types of QC samples mcludmg duphcate samples, 

field blanks, equrpment blanks, tnp blanks, and other samples wdl be collected or 

prepared as speufied m the QAA 

0 Vedcabon -- Vetrficabon acbwbes are reqwed for the above pracbces, mcludmg 

survedance and penod~c record audts. These actmtxs WIII be documented and 

become part of the completed project records. 

7.1 QA/QC SAMPLES FOR FIELD GC ANALYSIS 

Frequency of cahbration, method blanks, rephcates, etc , are dependent upon project Data Quahty 

Objectives (DQOs), and must be addressed m the project-spedic Quality Assurance Addendum 

(QW 

Daily caliirabon and operabonal checks are requed to ensure that the mtrument IS funchoxung 

properly Manufacturer's calibration mtructions must be accomphshed pnor to dady use, and 

calibration must be confirmed at the end of each day The manufacturer's instrument operation 

manual wdl be present on site at all times 
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8.0 DOCUMENTATION 

The field documentation requirements for the field sampler wll include recordmg all observations 

made dmng the analyss that could affect the q d t y  of the analyss The documentabon for h s  

analysls should be entered in a field notebook wth consecuhvely numbered pages wth locations 

identified on a sample location map 

Field documentation should include at a minmum 

e Date of sample collection 

e Time of sample collection 

e 

e Sample number 

e Unusual samphng conhtions 

Location of the sample collected 

0 Problems encountered whde obtalnltlg the sample 
e Each entry (or page) m the field notebook should be dated and mrtded by the 

rndiwdual makmg the entry 

(4011~)(GeoTaCH.l9)(06/07/91 l-) 
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ANALYST 
DATA VALIDATOR 

Answer Y = Yes, N = No where appropriate Y/N 

r Calibration 
A 
B 
C 

Was a Ipomt cahbration made at the start of the day? 
Was the correlation coefficient greater than 0 9959 

Was the GC dbrabon verified every 10 samples? 
What standard was utdlzed for calibration verification" 
Did the measured concentrahon M e r  by more than 15%3 

If yes, was GC re-cal~brated? 

Was a method blank run mmehately followmg the mhal 
cahbratron and pnor to any samples? 
Was any blank contammabon present? 
If yes, what was source of contamination and how was 
problem rectified? 

II. Blanks 
A 

B 

C Were any field blanks run3 

Any contamination present? 

Were samples received in good c0nht10n9 
If no, explam 

III Sample Documentation 
A 

B Were sample labels properly filled out3 
If no, explam 

IV SampleAnalym 
A Were samples analyzed WITHIN requred holdmg time? 

If no, explam 

(4011 800)(GEOrrCH 19)(06/07/91 1006am) 



Form GT.19A 
Page2 of2 

B Were any problems encountered during analysis? 
If yes, explain 

C Were target analytes detected above action level specified in DQOs? 
If yes, was idenflication & quantitation confiied or 
second GC column tf speafied in DQOs? 
Reference 

D Were duplicates analyzed? 
If yes, what types 

~ ~~ 

What was the relative percent difference (%RPD) between 
duplicates7 

E Were any spdce samples analyzed? 

What was result versus "true" concentration? 

F Were any computation/transmption errors noted? 
If yes, explan 

G. Overall assessment? 

Analyst 

Data Vabdator 

Date 

Date 

(4011 BOO)(GIKYITXH 19)(06/07/91 1006am) 
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